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FOREWORD

The investigations described in this report were carried out during the
summer of 1955. In the spring the detailed protocol was designed, and
supplies and equipment were assembled. In June the test team and subjects
moved to Camp Atterbury and for one week were indoctrinated. A 36-day
metabolic investigation was made at that camp during late June and July.
The biological specimens collected and the clinical observations made were
analyzed in the laboratories of the Department of Physiology and the Health
Service Research Unit, McKinley Hospital, University of Illinois, Urbana,
between September 1955 and December 1956. The research was supported by
Contract No. AF 18 (600)-80 with the Aero Medical Laboratory, Directorate of
Research, WADC, Project No. 7156, "Flight and Survival Foods, Feeding Methods, $r
and Nutritional Requirements," Task No. 71805, "Nutritional Physiology of Men
under Air Force Operating Conditions and Energency Situations," (formerly
RDO No. 698-81, "Survival Ration Requirements"). The Contract Monitor was
Doctor H. C. Dyme, Chief Nutrition Section; the Project Scientist, Lieutenant
Colonel A. A. Taylor, USAF (VC); and the Task Engineer, 1/Lieutenant (now
Captain) L. A. Whitehair, who served also as Liaison Officer during the field
tests. Lieutenant Colonel Roy W. Otto, Chanute AFB, served throughout as
the Project Officer. This report constitutes the results of the joint efforts
of the responsible investigators, R. E. Johnson and F. Sargent, II, and a
team of civilian and military associates to whom most of the credit should go
for the success of these studies. A team roster is included in Section VII:
Acknowledgements.

This investigation would not have been possible without the generous
cooperation of the University Health Service, especially in making space
available in the laboratories of the Health Service Research Unit at McKinley
Hospital, University of Illinois.

We wish to acknowledge the generous cooperation received from the Air
Research and Development Command, Air Training Command, Fifth Army, and the
Purchasing Department of the University of lllinois* To Mrs. Frances Carter
we extend our thanks for assistance in editing this report and typing the
final copy. To Mr. Jack Gockel and Mrs. Marie Litterer we are indebted for
the quantitative charts.
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ABSTRACT

From June 22, 1955, through July 27, 1955, 100 volunteer airmen served
as subjects in a study of survival rations in moist heat at Camp Atterbury,

*Indiana. The base laboratory was at McKinley Hospital, University of Illinois,
Urbana. To establish physiological, biochemical, nutritional, and clinical
judgments on the relative effects of work, water, calories, and protein/carbo-
hydrate/fat ratio in all-purpose survival rations, numerous observations were
made in two-week periods of adequate, restricted, and recovery diets, with
luxus amounts of vitamins at all times. Twenty-one nutrient combinations could
be rank-ordered, by 27 different tests, with respect to effects on organ func-
tion and body efficiency. Clinical findings could also be rated. By far the
best regimen was that represented by the ideal control--Field Ration A. Of
the experimental regimens, the worst was starvation; the best was a 3000-
Calorie adequate ration. Below the 3000-Calorie ration, the highest score
-was attained both in hard work and in light work by a combination supplying
unlimited water, 2000 Calories per day, and a distribution of calories of 15%
protein, 52% carbohydrate, and 33% fat. Limitation of water, decrease of
calories, or marked deviations in protein/carbohydrate/fat ratios resulted in
measurable clinical or functional deterioration.

PUBLICATION REVIEd

This report has been reviewed and is approved.

. FOR THE CONMANDER:

JACK BOLLERUD
Colonel, USAF (MC)
Chief, Aero Medical Laboratory

£ Directorate of Research
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SECTION I

GENERAL INTRODUCTION

. This report deals with the nutritional physiology of man exposed to moist
heat; it represents the third phase of a comprehensive study of the problem of
the all-purpose, all-onvironment survival ration. The first phase of this
investigation was concerned with the reactions of young men subsisted on a
variety of nutrient combinations under temperate conditions and performing
only modern physical activity (Sargent et al.,1954). The second phase dealt
with two additional major variables---hard physical exertion and exposure to
cold weather in the field (Sargent et al.,1955). The third phase extends the
previous work to include an investigation of the effects of moist heat. The
investigation was designed so as to make possible valid judgments on the re-
lative merits of a variety of nutrient combinations in sustaining maximally
the "survival potential" (Kline and Dymxe,1953) of castaways forced to survive,
escape, and evade in hot weather.

The general planning of the hot weather test called for a mass metabolic
study on 100 volunteer airmen observed continuously for a 36-day period at
Camp Atterbury, Indiana. The organ function and bodily efficiency of the
subjects were studied during 14 preliminary days, nine experimental days, and
13 recovery days by the same comprehensive battery of tests that had been em-
ployed in the 1953 and 1954 winter studies* Furthermore, during the experi-
mental weeks, comparable regimens of total calorie intake, water intake, ratio
of protein, carbohydrate, and fat, and inorganic nutrients were administered.
Thus, it became possible to determine the impact of hard physical work and hot
weather on nutritional stresses to which the castaway might be exposed.

This hot weather study, as in the cases of the temperate study and cold
weather study, was planned to avoid the major criticisms which can be leveled
at most of the previous studies on this question. A truly comprehensive
investigation was made of the multiple nutritional interrelations which must
be considered in any survival ration; viz., degree of water deficit, amount
of caloric deficit, and varying ratios of protein, carbohydrate, and fat in the
survival ration. The statistical validity was insured by adequate numbers of
paired-fed controls; an adequate range of water deficit, calorie deficit, and
nutrient combinations. Finally, the impact of hot weather and exercise was
studied realistically in field survival situations*

The present study had two major aims. The first was to extend previous
knowledge of survival rations by a systematic survey of the effects on human
subjects of the possible combinations of water intake, calorie intake, and
protein/carbohydrate/fat ratios in potential survival rations* Emphasis has
been principally on efficiency of the body as a whole and the functioning of
important organ systems. In other words, our emphasis has been on the health
and welfare of the castaway himself, in addition to orthodox biochemical and
nutritional interpretations of intakes, balances, and composition of bloodS and excreta. Second, the data were to be obtained under realistic field

Manuscript submitted in July 1957 for publication as a WADC Technical Report
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conditions in which volunteer airmen were exposed to hot weather and hard work.
The impact of these two stresses could be interpreted in the light of control
data obtained in 1953 (Sargent et al., 1954) in which normal young men were
exposed to the same nutritional stresses, but under conditions of temperate
environment and moderate exercise. As in 1953 and 1954, it was planned in
1955 to gather as much information as possible on rehabilitation of the
rescued castaway and on the nutritional merits of the 5-in-l ration.

Because a unique opportunity was arranged by the Air Force so that large
numbers of subjects, excellent field facilities, and supporting personnel
became available, it was possible to organize the present study for statistic-
ally valid conclusions from a wide variety of dietary, biochemical, physio-
logical, and clinical observations. The concepts of controls were paramount
in the ultimate design. Each subject was his own control in that he was sub-
sisted for two weeks on an adequate ration under conditions of moderate
environmental exposure and exercise, then for nine days on an experimental
nutrient combination under field survival conditions, and finally for 13 days
on rehabilitation regimens under conditions of moderate environmental ex-
posure and exercise.

A second control concept was that of paired-fed control during the field
phase not only for nutrient intake but also for water intake and work output.
For this purpose the volunteer subjects were divided into four major groups:

Flight 1 Hard work, unlimited water
Flight 2 Hard work, limited water
Flight 3 Light work, unlimited water
Flight 4 Light work, limited water

The hard work group simulated castaways attempting to escape and evade with or
without restricted water and the light work groups simulated castaways surviv-
ing in one spot with or without limitation of water. Within each flight two
subjects subsisted on each of the ten nutrient combinations under study. Thus,
within each flight there were paired-fed controls for each nutrient combina-
tions.

Two additional control concepts were utilized in the study of nutrient com-
binations; viz., the concept of negative and positive control and the concept
of ration control. Negative control consisted of starvation, in which presum-
ably survival potential is least maintained. Positive control consisted of a
3000-Calorie diet very similar in composition (but lower in calories) to field
rations used by Peary (1910) and Amundsen (1908, 1913) in their polar jour-
neys. This ration was considered to maintain survival potential better than
2000- or 1000-Calorie regimens.

The ration controls were different from those used in the 1954 winter
study. Twelve of the volunteer subjects were assigned by lot to this cate-
gory. These men lived and worked with their fellow subjects, but were at no
time subsisted on packaged military rations. Throughout the 36-day period
these subjects were allowed ad libitum amounts of Field Ration A and
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unrestricted intake of water. To the best of our knowledge, no other major
field study has incorporated this kind of control in which presumably physio-
logical and biochemical changes are conditioned solely by work and weather,
not by nutritional stresses. Furthermore, the investigators were presented
with a unique opportunity to compare and contrast a standard packaged military
ration, such as 5-in-l, with a diet composed entirely of fresh and frozen. foods.

No attempt was made to study and compare survival rations already in pro-
duction. Rather the study was designed to establish conclusively underlying
physiological and clinical principles upon which the technologists can build
the best and most acceptable ration for survivors.

5
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A. ADMINISTRATIVE ASPECT OF FIELD TRIAL

l Background, Planning, and Organization

Preliminary discussions for a series of investigations on the physiologi-
cal basis of constituents of the all-purpose survival ration began in January,

1951 At that time it was conceived that an investigation in three phases
would yield the most information: (1) a control study in which the subjects
engaged in moderate activity and received minimum exposure to the weather,
(2) one field trial in which the subjects would be exposed to cold weather,
and (3) a second field trial in which the subjects would be exposed to hot
weather. In the latter two studies some subjects would be doing hard work,
others light work. The control study and the cold weather study have been
completed and reports have been submitted. In the present report the control
study (Sargent et al., 1954) will be referred to as the 1953 or temperate
study and the 1954 study will be referred to as the cold weather study (Sar-
gent et alo, 1955). The present investigation deals with the third phase, a
field trial conducted during hot weather and it will be referred to as the 1955
or hot weather study.

The Air Training Command (ATRC) and the Air Research and Development
Command (ARDC) agreed to collaborate with the Department of Physiology, Uni-

Sversity of Illinois, in furnishing (1) the sites for the field trial, (2) the
required support personnel, (3) the supplies and equipment, (4) the volunteer
subjects, and (5) the transportation facilities. The 3345th Technical Training
Wing (ATRO) at Chanute Air Force Base, Rantoul, fllinois, was designated as be-
ing responsible for the administration of the military aspects of the hot
weather study. Camp Atterbury, Indiana, was selected as the site for the test,
as being available, convenient, isolated and likely to provide hot, humid con-
ditions.

The key administrative personnel for the hot weather test were appointed
in March, 1955-project officer, adjutant, supervisory investigator, first

* sergeant, supply sergeant, and clerk-and work was initiated on the detailed
planning and organization. The organization chart utilized in the present
study is shown in Figure I. ]. The project officer accomplished the follow-
ing: (1) appointment of administrative personnel (adjutant, first sergeant,
supply sergeant, transportation sergeant, mess sergeant, flight non-commis-
sioned officers, and medical non-commissioned officers), (2) procurement of
living facilities for support personnel and subjects, laboratory facilities,
administrative and supply buildings, and messing facilities at Camp Atterbury,
(3) procurement of necessary supplies and equipment for these facilities,
(4) procurement of transportation vehicles to be used in moving to and from
Camp Atterbury and for use at the camp, (5) arrangement for an air courier
service between Chanute AFB and Bakalar AFB, located 14 miles from Camp Atter-
bury, and (6) arrangements for obtaining field rations for the support person-
nel through Bakalar AFB and Fort Benjamin Harrison.

The supervisory investigator was responsible for (1) planning of the
scientific aspects of the trial, such as testing, work loads to be imposed,
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and nutrient combinations to be fed, (2) ordering necessary supplies and
equipment for testing and feeding the subjects and for collecting various
biological specimens, (3) preparing forms and other devices for recording
the scientific observations, (4) obtaining containers for the transportation
of laboratory equipment and supplies and biological specimens, and (5) pro-
curing facilities for the cold storage of biological specimens, both at Camp
Atterbury and the University of Illinois*

The Aero Medical Laboratory furnished tentage and other accessory equip-
ment and supplies for the field phase of the trial, a refrigerated van, and
all rations and ration components used by the test subjects, Medical supplies,
medicaments, and the devices for physical examination were provided by the
3345th USAF Hospital at Chanute AFB. ATRC and ARDC jointly supplied the four
medical officers and the 12 non-commissioned medical officers. These cummands
also supplied other support personnel to supplement the group from Chanute,
such as cooks, a weather observer, and flight non-commissioned officers. One
hundred volunteer subjects were released from Lackland AFB, Texas, to partici-
pate in the trial.

Two trips were made to Camp Atterbury during the spring of 1955 by the
project officer, the supervisory investigator, and the personnel from WADC.
During these visits final arrangements were made for the actual areas in the
camp to be used in the summer test* Buildings were selected and lists were pre-'
pared of equipment and supplies which could be furnished by the Quartermaster
of Camp Atterbury. Arrangements were made with Bakalar AFB to furnish emer-..
gency medical and dental support and to provide for servicing and maintenance
of motor vehicles.

2. Administration of Support Personnel

There were 75 individuals who directly supported the daily conduct of the
trial, All these individuals reported to Camp Atterbury on or about 15 June,
one week prior to the beginning day of the investigation. During this week
these individuals were thoroughly briefed on the general purpose of the trial,
the nature of clinical investigation, and the many problems that might be
faced during the course of the study. These briefing sessions were held with
specific groups (eog., clinical laboratory personnel, flight non-commissioned
officers, administrative personnel, etc.) so that the special aspects of their
duties and responsibilities could be emphasized and specific questions
answered,

Once the study had actually begun, daily conferences were held with these
groups or with representatives from the groups so that the next day's program
could be explained in detail, orders could be issued, and special problems
given prompt attention,

FIGURE If. 1. ORGANIZATIONAL CHART FOR THE HOT WEATHER TRIA15 CONDUCTED JUN
AND JULY, 1955.
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3. Administration of the Subjects

The non-commissioned officers assigned to the flights had direct adminis-
trative control of the subjects. They were supported by a survival instructor,
a recreational specialist and a chaplain, in the daily management of the
activities in which the flight engaged.

Non-Commissioned Officers of Flights. There were four major groups of
subjects designated as Flights 1, 2, 3, and 4. There were 25 subjects in each
flight. Three NCO's were in charge of each. The ranking NCO in each was the
flight leader. These 12 men were charged with the primary responsibility of
maintaining control of the subjects which involved implementing the instruc-
tions given the subjects. (These instructions are detailed in a subsequent
section.) In addition, they maintained a daily diary on each subject and on
the activities of the flight as a whole. They were responsible for survival
instruction, military training, and recreation of their charges. They had no
mean taskl It was due in large part to their enthusiastic support that the
scientific data collected are entirely trustworthy.

These 12 men were given special intensive briefing before the trial began.
During the trial it was through them that orders, schedules, and other details
were passed on to the subjects.

Survival Instructor. One survival expert was assigned to the project
from the Survival School at Chanute AFB. It was his responsibility to give
survival lectures and demonstrations and lead the subjects in field survival
practice.

Recreational Specialist. The recreational specialist was responsible for
procuring recreational facilities and for organizing and leading the flights
in recreational activities. Available at Camp Atterbury were an indoor gym,
fields for playing baseball and volleyball, and courts for tennis and handball.

Chaplain. One chaplain was assigned and a chapel was made available to
him in--EFl-adquarters area of the study at Camp Atterbury. The chaplain held
religious services for the subjects and support personnel, arranged for
clergymen of different faiths to visit the camp and hold services, partici-
pated in the recreational program, and was available at all times for giving
sympathetic advice and encouragement to the subjects.

4. The Movement to and from Camp Atterbury

In contrast to the winter study, all three periods of the summer test were
conducted at Camp Atterbury. Only two moves were made, from Chanute AFB to
Camp Atterbury and from Camp Atterbury to Chanute AFB. There were two primary
depots for the assembling of equipment and supplies to be used in the trial:
(1) Chanute AFB, and (2) University of Illinois. The subjects arrived at Cha-
nute AFB on or about 10 June. On 15 June the supplies and equipment were
loaded into military vehicles and on 16 June the personnel, supplies, and
equipment moved to Camp Atterbury. On 15 June an advance cadre went to Camp
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Atterbury to begin the preparation of the headquarters area so that when the
main body of personnel arrived, there would be available sleeping, messing,
and supply facilities. Special materials and rations supplied by WADC were
moved directly from Wright Field to Camp Atterbury. At the end of the summer
tests the equipment and supplies, and the subjects, and support personnel
were transported back to Chanute AFB. Administratively, this arrangement
worked out much better than the plan which was followed in the winter test.

B. THE SUBJECTS

1. Selection of Subjects

The airmen who served as subjects in this investigation were obtained from
Lackland AFB, Texas. The majority of these men were Airmen 3rd Class, who had
just completed four months of basic training. Before volunteering for the
project, these men had been part of a larger group which had been briefed on
the nature of the ration study. The hundred who volunteered knew that they
would be expected to subsist on unusual foods, that they might even have to
starve, and that some of them would have to go for about two weeks on only one
canteen of water a day. They also knew that the reward for participation in
the field trial would be 14 days of convalescent leave. So far as we are
aware, there was no special medical or psychological selection other than that

-the men had met the minimum medical standards for induction into the USAF. The
volunteer subjects arrived at Chanute AFB on or about 10 June. They were
assigned to the 3351st Student Squadron and placed under command of the project
officer. Although replacements for physically unfit subjects were not avail-
able, it was decided to eliminate from the study any men whose health might be
impaired by the rigors of the investigation. Accordingly the Forms 88 and 89
(history and physical examination) of each man were reviewed. An X-ray of the
chest was taken. Any subject with questionable findings was interviewed and
examined by the supervisory investigator. The men were given a dental examina-
tion and any who needed emergency extractions were so treated. There were some
25 subjects who had such poor dental health that one or more teeth had to be
extracted before going to Camp Atterbury. None of the subjects had significant
physical defects. Several of them were described as "emotional," "immature,"
or "mildly inadequate mentally." Flight leaders, however, felt that these men
would present no disciplinary problems. Consequently, no subject was disquali-
fied.

2. Handling of Subjects

Flights of Subjects. On arrival at Chanute AFB the volunteer airmen
drew lots for their "Subject Code Number." The number automatically assigned
them to a flight and to an experimental nutrient mixture. By this means the
distribution of white and colored young men was randomized between the four
flights.

The age, height, weight, race, and religion of these airmen have been
detailed in Tables I1. 1, II. 2, II. 3, and II. 4. The mean ages of the men
are similar in the four flights and comparable to the mean ages of the men
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participating in the 1954 test. The four flights are closely alike with
regard to height and initial weight. Within each flight there are approxi-
mately equal distributions of Whites and Negroes: Flight 1, 28%; Flight 2,
24%; Flight 3, 24%; and Flight 4, 28% Negroes.

The twelve subjects with code numbers beginning with 90" were designated
as FRA subjects. These men were treated in an identical fashion to the other
88 subjects with regard to testing and collection of biological specimens.
The activities that these men engaged in and the food that they ate will be
discussed below. At this point it should be emphasized that these men did
not differ in regard to age, height, or weight, from the other 88 subjects.
Furthermore the distribution of Negroes was equal in the four groups of three
subjects, i.e., one Negro FRA and two white FRA's in each flight,

Indoctrination of Subjects. The indoctrination of the subjects was done
by flights; the acdninistrative and medical personnel assigned to each flight
attended the briefing of their respective flights. At each briefing the
adjutant, the first sergeant, the responsible investigator, the supervisory
investigator, and the chief dietitian shared the program so that all details
of the trial could be explained. The adjutant and the first sergeant dis-
cussed such matters as command, discipline, pay, laundry, personal problems,
mail, and convalescent leave. The responsible and supervisory investigators
dealt with the scientific aspects of the trial, testing, collection of spece
imens, restrictions to be imposed, and duties, The dietitian discussed the

problem of weighed diets and measured consumption of water.

Discipline, morale, and convalescent leave: Under the conditions of
the present investigation it was essential that some incentive for coopera-
tion by the subjects be offered. The project officer was authorized to give
each subject who cooperated fully with the restrictions and responsibilities
imposed by the supervisory investigator 14 days of convalescent leave, not
chargeable against ordinary annual leave. This incentive served as a dis-
ciplinary measure, for when subjects did not cooperate it was possible to take
from them a fraction of the full leave. Application of Section XV (Uniform
Code of Military Justice) punishment for insubordination, fighting, petty
larceny, etc., was not possible, for the subjects were living under rigidly
controlled conditions. The experience of the project officer and the super-
visory investigator indicated that the incentive of leave was generally an
adequate disciplinary measure. Most of the subjects, in spite of their youth
and brief military experience, cooperated exceedingly well in all aspects of
the experiment. Penalties against the few who failed to cooperate helped to
keep the morale of the group at a high level throughout the trial and the
scientific success of the project was assured.

Specimens: The subjects were required to collect all of their urine and
feces. The urine was collected for 24-hour periods in uncoated, gallon-sized,
tin cans, which the subjects carried with them at all times. The flight
leaders maintained a log of the morning urination times. Stool specimens were
collected in one quart paraffin-lined cartons (Sealright). A separate carton
was used for each bowel movement. Similar cartons were to be used if any
subject vomited, an infrequent occurrence during the test. The living quarters
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of the subjects and the mess hall were supplied with a quantity of these
cartons. The tin cans were turned in daily at the clinical laboratory and
the cartons were collected periodically by members of the test team,

Liquids and food: During the first two weeks and the last two weeks of
the investigation the subjects were allowed free but measured consumption of
water. Control was accomplished by issuing daily to each subject a canteen
filled with water. The canteen was refilled at the mess halls at each meal as
desiredp, and a record was made of the number of refills. Each morning the can-
teen was exchanged for a freshly filled container. Other liquids, such as
cocoa, tea, and coffee were allowed only at meal times. No food could be eaten
other than that issued at the mess hall and no subject was allowed to take un-
eaten food from the mess hall.

In the experimental period the subjects of Flights 1 and 3 were permitted
unlimited water. Their canteens were refilled in the same manner as during
the above four weeks. The subjects in Flights 2 and 4 were allowed no more
than 910 ml liquids per day. One canteen holds this volume of water. If
coffee or tea was desired at meal times, water from the canteen was exchanged
for it. No water was deducted from the canteen to allow for pre-formed water
already present in the experimental nutrient mixtures* Because of the acute

*dehydration produced by the hot weather of the summer tests, the water allow-
\ance of Flights 2 and 14 had to be increased during the first week. This
matter will be discussed in detail in a subsequent section.

All subjects turned their canteens in every morning in exchange for a
fresh one. The volume of water remaining in the canteen was measured and record-
ed,

Personal hygiene: During the first two and last two weeks of the investi-
gation the men were allowed to brush their teeth daily. They were on their
honor not to swallow the wash water. They shaved and washed daily and were
allowed one shower each day.

ODuring the experimental period the men generally practiced personal hy-
giene recommended for the castaway. They washed and shaved daily. They were
not, however, allowed to brush their teeth or take a shower. At the end of the
experimental period the subjects were permitted a shower.

During all phases of the trial the men were responsible for the cleanli-
ness of their clothing. They washed their own fatigues, underwear, and socks.

Medical care; sick and emergency leave: Daily rounds were made by the
medical officers. If a subject was found to be ill, he was placed in "Sick Bay*
and given appropriate therapy. Collections were maintained and feeding was
supervised by the flight leader or the medical NCO, who was assigned to the
flight. If hospitalization or air evacuation was required, the subject was
withdrawn from the restrictions of the project; collections were stopped and
no record was maintained of the food eaten. If the subject required dentalO extractions during the investigation, the necessary treatment was administered,
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but no alteration was made in the metabolic regimen. The hospital facilities,
which were used during the course of the trial, were a dispensary at Bakalar
AFB; Bartholomew County Hospital, Columbus, Indiana; the hospital at Fort Ben-
jamin Harrison, Indianapolis; and the 3345th USAF Hospital at Chanute AFB.
During the investigation there were numerous minor upper respiratory infections,
and a rather large number of serious respiratory diseases which required hos-
pitalization. This general problem will be discussed in a subsequent section.
Only one subject had to withdraw from the project because of illness in his
family. Shortly after completing the experimental period he withdrew with
emergency leave and did not return.

Special instructions for field phase: Shortly before the experimental
period began, a second briefing session was held with each flight. On this
occasion the instructions given previously were reemphasized and the special
problems to be faced in the experimental regimens were explained. Those men to
be on limited water were instructed to ration their water. It was pointed out
that all food issued had to be eaten: there would be no seconds and no weigh-

.backs. Only limited alterations could be made in the nutrient mixtures, such
as manner of cooking the meat bar and variations in the candy items of the high
carbohydrate regimens.

Duties of the Flight Non-Commissioned Officerss The many instructions
given to the subjects were implemented by the three flight non-commissioned
officers assigned to each of the four flights. A listing of their responsi-
bilities serves to summarize the restrictions and duties of the subjects.

1. Control of subjects
a. Complete collection of urine and feces
b. Accurate labelling and timing of specimens
c. Accurate records of water consumption
d. Only food issued at mess hall may be eaten
e. Prompt reporting for testing procedures

2. Messing
a. Tray check for each man in flight
b. Supplying subjects with seconds when allowed and

recording same
c. Observation of eating
d. Participation in weigh-back operation

3. Testing
a. Promptness in bringing flight to test areas
b. Maintenance of order during tests
c. Pacing the one-hour march of the heat acclimatization

test

4. Observation
a. Daily log of flight activity
b. Daily remarks on condition of subjects
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Typical Logs of Daily Activity. Because of the large group of subjects
studied in this trial, it was necessary that their daily activity be regi-
mented and scheduled. Completion of the many tests and continuous control of
the subjects would have been otherwise impractical. No individual records or
diaries of physical activity were maintained. Such records are difficult to
convert into hourly caloric expenditure even when only a small group of men.are involved, and it was felt that with this large group such observations
would be impractical. Caloric expenditure rather could be estimated from logs
of typical daily activity of the entire flight.

Pre- and recovery periods: During the pre- and recovery periods the daily
activity of the subjects in each of the four flights was maintained as uniform
as possible. A typical day within these two periods is presented in Table II.
5. At all times the subjects were under the constant supervision of the

TABLE II. 5

BASIC ACTIVITY SCHEDULE FOR PRE- AND RECOVERY PERIODS
Time Kind and Degree of Activity

0525 Reveille
0525-0700 Morning routine: void; turn in urinary specimens; clean

quarters
' 0700-0800 Morning meal
W 0800-0900 Sick call

0900-1200 Survival and military indoctrination; sports; close order
drill; testing

1200-1300 Noon meal
1300-1730 Survival and military indoctrination; sports; close order

drill; testing
1730-1830 Evening meal
1830-2200 Recreation: sports; movies; reading, writing letters;

conversation
2200 Lights out; sleep

*flight leaders or other members of the test team, and they were not allowed
to leave the area of the project unless accompanied by an individual responsible
for their conduct. The moderate activity in which most of the subjects en-
gaged during these periods consisted of close order drill, marching in forma-
tion, and sports, such as baseball, volleyball, and basketball. Members of
the flights were also responsible for policing the area, and participating in
details, such as unloading trucks, opening rations, and pitching tents*

From time to time the subjects were given instructions in military matters
and on the art of survival. Their recreation consisted of sports and movies*
On these occasions the participation involved the whole group. There were
also available time for the individual to entertain himself with such activi-
ties as reading, writing letters, or washing clothes. They were allowed to
participate in special religious instruction and to attend church on Sundays*
The religious activities at the camp were conducted by a chaplain.

* During REC I all the flights engaged in a schedule which was quite
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different from that shown in Table TI. 5. Because of an epidemic of respirato-.
ry infection, which will be discussed more fully in a later section, the sub.
jects lived under conditions of moderate isolation. Each flight was quartered
in a separate barracks and was fed in the mess hall one flight at a time.
When not engaged in tests, the subjects were confined to their barracks or the
area immediately surrounding the barracks and engaged in only light activity.
Participation in sports was not allowed. When it became apparent that the
epidemic had subsided, daily artivity such as outlined in Table TIi 5 was
resumed.

Experimental periods: During the nine experimental days of the trial the
daily activity (Table II. 6) was altered considerably from that of the pre-
and recovery periods. Two types of survival experiences were simulated:
(1) light work, such as might be engaged in by the castaway remaining close to
a disabled aircraft and (2) hard work, such as might be followed by the casta-
way seeking to "escape and evade." Flights I and 2 were exposed to the latter
circumstances. They marched 12 miles daily, except on days when meals were
omitted because of function tests. This marching generally required six hours
a day. Flights 3 and 4 simulated the former situation. They marched three
miles per day. The time required was about 1.5 hours. In order most effi-
ciently to impose these work loads and to facilitate military control, the
four flights were encamped according to the scheme shown in Figure II. 2.
Flights 1 and 2 were placed 2.0 miles from the headquarters area; Flights 3 0
and 4P, 0.5 mile. Three round trips daily resulted in 12 miles of marching
for the former and 3.0 miles for the latter. The daily activity (Table I10
6) depended upon the length of time devoted to marching. Flights 1 and 2 had
approximately four hours a day for camp details, recreation, or survival in-
struction; Flights 3 and 4 proportionately more. In order to maintain as
sedentary condition as possible, the subjects of Flights 3 and 4 were strictly
confined to the immediate vicinity of their camp sites. The subjects of Flights
3 and 4 showed little inclination to engage in more than light activity when
they were in their camp sites; so all of the experimental subjects actually re-
mained close to their encampments when not engaged in marching.

The subjects were under the constant supervision of the flight leaders.
Each night the medical officers and the medical NCO's assigned to the flights
slept in the field with the subjects.

3. Ration Controls

Twelve subjects served as ration controls. They were designated as the
"FRA" subjects. Three were assigned to each of the four flights. Throughout
the period of the study these men were treated in identical fashion to the
experimental subjects in so far as collection of biological specimens and
participation in function tests were concerned. The FRA's were always tested
at the same time as other members of the flight. They were handled differ-
ently than the other subjects in two respects. First, throughout the entire
period of the test they subsisted on Field Ration A, the same food as that fed
the support personnel. Second, they were assigned to various duties in the
headquarters area and engaged in these duties throughout the study. Most of
them served as assistants in one or the other of the mess halls. Several of
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them worked as dieners in the chemical laboratory.

These subjects were handled as a unit during the work day, and they were
under the constant supervision of two non-commissioned officers. These NCO's
were charged with the responsibility for the daily conduct of the FRA sub-
jects. The subjects were required to keep a daily record of the consumption
of fluids; they drank from canteens in the same fashion as the other sub..
jects. Every other week a dietary history was obtained for a seven-day
period. On the basis of this history an estimate was made of the intake of
nutrients.

During the experimental period the FRA subjects were housed in a barracks.
They did not move into the field and live under conditions simulating sur-
vivalI

4. Housing of Subjects

During the pre-periods the volunteer airmen and the non.-commissioned
officers were housed in conventional military barracks (Figure II* 3)o Two
barracks were used. One flight was assigned to each of the four floors. During
the recovery periods, because of the epidemic which terminated the experimental
period on day 9, the subjects were quartered in four barracks. Half of the
flight lived on one floor and the other half on the other floor. The beds were
separated by space of approximately five feet and the subjects slept alter-
nately head to toe.

Survival was simulated during the experimental period. At that time the
men were housed in pyramidal tents (Figure II* 4). Two tents were pitched for
each flight. The only light allowed was that supplied by kerosene lanterns or
flash lights. The men slept in standard mountain sleeping bags or under a
single standard blanket (Figure 11, 5). The subjects were protected from the
ground by means of an air mattress (Figure i1* 6).

In order to control insects the vicinity of the four camp sites was per-
lodically sprayed with DDT.

5. Clothing of Subjects

Clothing presented no special problem during the summer test since the
weather was warm throughout. The subjects wore fatigues and brogans most of
the time (Figures II. 4 and II. 6). During rainy weather the standard USAF
rain coat was allowed. The only special clothing issued were extra underwear
and cotton socks.

The men did not sleep in their clothing. Prior to retiring they un-
dressed down to their underwear and hung the discarded clothing up to air and
dry during the night.

FIGURE 1. 2. FIELD PHASE ORGANIZATION: S3MMER 1955

WADC TR 53-484, Part 3 20



Figure 11.2

FIELD PHASE ORGANIZATION
* SUMMER 1955

FLIGHT No.I FLIGHT No.2
Hard Work Hard Work

Unlimited Water Limited Water

2 0 mi/es 20 mi/es

FLIGHT No. 3 HEADQUARTERS
Light Work •-0.5 miles--- Administration. Unhlmited Water Mess

Laboratory

0 5 mi/es

FLIGHT No.4
Light Work

Limited Water
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FIGURE I 3. STANDARD BARRACKS AT CAMP ATTERBURY

FIGURE IIo 4, ENCAMPMENT OF FLIGHT 2. PYRAMIDAL TENT
IN BACKGROUND

FIGURE II 5, MOUNTAIN-TYPE SLEEPING BAGS

FIGURE II. 6, SUBJECTS RESTING AT ENCAMPMENT OF FLIGHT 2,
NOTE AIR MATTRESS IN FOREGROUND
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C. PROTOCOL OF COMPLETE STUDY

1. Flights of Subjects

The 100 volunteer airmen were divided into four flights which have been
designated as Flights 1, 2, 3, and 4. During the experimental period the
four flights were subjected to the following regimens: Flight 1, hard work,
unlimited water; Flight 2, hard work, limited water; Flight 3, light work,
unlimited water; Flight 4, light work, limited water (Figure IT. 2). Within
each flight each of the several experimental nutrient regimens under study
were represented. The code numbers which the subjects drew at Chanute Air
Force Base automatically assigned the men to a flight and to an experimental
diet.

2. Periods of Investigation

The summer trial lasted 36 days. The pre-period was 14 days long and ex"
tended from 22 June through 5 July, 1955. The experimental period was nine
days long and extended from 6 July through 14 July, The recovery period was
11 days long and extended from 15 July to 25 July. The first and second weeks
of the pre-period were designated P I and P II respectively. The first week
of the experimental period was designated EXP I, the 8th and 9th days as EXP
II. The first three days of the recovery period was designated as REC I and
the last 8 days as REC II. On 26 and 27 July the subjects ate Field Ration W
A. This period was designated REC III.

In the pre-period)information was collected which was to be used to judge
the effects of 4O experimental regimens on the volunteer subjects. This in-
formation comprised the base line from which the experimentally induced devia-
tions were evaluated. In the experimental period the volunteers were sub-
jected to predetermined regimens. In the recovery period subjects were
rehabilitated and the rate and nature of recovery from the experimental
regimens were investigated.

3. Scheduling of Scientific Procedures

An extensive battery of clinical tests was conducted on 100 subjects at
approximately weekly intervals. With few exceptions the same procedures used
in the winter study of 1954 were repeated (Table II. 7). The principle altera.
tion was the elimination of the half mile run. In its place was substituted
an exercise called the heat acclimatization test. This test will be described
in considerable detail in a subsequent section. No determination was made of
serum alkaline phosphatase. Serum urea was measured rather than serum N.P.N.
The sweat and urine collected during the heat acclimatization test were sub-
jected to-a thorough chemical analysis which will be detailed below. The
schedule followed for performing the several function tests is shown in Table
II. 8.

6, Diurnal Cycle

In so far as it was practical all the subjects were tested at the same
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time of day. The following schedule was used in all periods except EXP II.
The three-hour test was conducted on Flights 1 and 3 between 0600 and 0900
hours on two consecutive days, and on Flights 2 and 4 between 0900 and 1200
hours on two consecutive days. The heat acclimatization test was performed on
the afternoons of the same days used for the three-hour tests: Flights 1 and

Sbetween 1300 and 1500 hours and Flights 2 and 4 between 1500 and 1700 hours.
W n EXP II no heat acclimatization tests were performed, and Flights 1 and 2 were

given the three-hour test in the late afternoon and evening. This deviation
from the planned schedule was necessitated by the epidemic.

The resting metabolism test was conducted on two consecutive days.
Flights 1 and 2 were tested on the first day and Flights 3 and 4 on the second
day. Two whole days were devoted to this test and in the case of each subject
the test was done at approximately the same time of day. The subjects in each
flight were tested by the numbers, with the exception of the FRA's. One of
these controls was tested in the late morning, another in the early afternoon,
and a third in the late afternoon.

5. Physiological State of Subjects at Testing Times

Certain general remarks are applicable to the conditions under which the
several function tests were carried out and to the status of the subjects at

*he time of testing.

Testing of the Subjects. The function tests, physical examinations, and
body water tests were all conducted in standard barracks, which were not air-
conditioned. Since most of the tests were conducted in the early morning
hours and in the late afternoon, some uniformity of the ambient weather under
which the subjects were tested was achieved. All biochemical work conducted
in the field was also accomplished in an un-air-conditioned mess hall.

Condition of Subjects. Because of the large number of subjects it was
not possible to test the men under basal conditions. All of the tests were

Smade on the subjects at approximately the same time of day in the case of each
W individual. In the case of the resting metabolism test, the subjects were in a

resting condition; i.e., they had been reclining at least 30 minutes. They were
not, however, postabsorptive. In the case of the three-hour test the men were
postabsorptive with one exception. This was the three-hour test conducted on
Flights I and 2 in EXP II. In most cases the men were "fasting"; that is, they
had had nothing to eat since 1800 hours on the day preceding the test. In the
case of the water diuresis test, the men were also postabsorptive. According
to the conditions which will be more fully detailed in a subsequent section,
the men were not postabsorptive when they underwent the heat acclimatization
test,

D. NUTRIENT MIXTURES AND DIETETIC METHODS

1. Nutrient Mixtures

*As in the 1953 and 1954 studies two nutritional problems had to be solved
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TABLE II. 8

PROGRAM OF FIELD FUNCTION TESTS
(Su r195)

Date Day Test Date Day Test
BatterI Battery

-6122 1 _7713 221

6/23 2 _7/1 23 'Three-Hour Test;
6/24 3 Resting Metabolism D2
6/25 4  Test 7'15 ZU 2YSIca0 Exam
6/26 Three-Hour Test in A.M. 7/16 25
6/27 6 Acclimatization Test 7/17 26- _ .......

in P.M. 7V18 27
6/2t5 7 Water Diuresis Test 7i19 2 Three-Hour Test in AiM.
6/29 _7_ _ ....... 7__M0 29 Acclimatization Test

930 F Resting Metabolism in P.M.
.7/1 10 Test 7/21 30 Water Diuresis Test
7/2 11 Three-Hour Test in A.M. 7/22 31 Resting Metabolism
7/3 12 Acclimatization Test 7/23 32 Test

in P.M. -7/24 33 Three-Hour Test in A.M.
"7/i4 13 D20 Test, Physical Exam 7/25 34 Acclimatization Test
7/5 14 Water Diuresis Test in P.M.
,_7/6 15 __7/26_ 35 Physical Exam

_7/7 16 ........ _7/17T 7W Final Day
7/7J 1T. Resting Metabolism
7/9 18 Test
7/10 19 Three-Hour Test in A.Me
7/11 20 Acclimatization Test'

in P.M.

127 21 Water Diuresis Test ......

in setting up the protocol for this investigation: (1) the choice of a con-

trol diet and (2) the choice of foods from which to prepare the nutrient mix-

tures to be studied. The final choices were based on experience gained in the

1953 and 1954 studies. For the most part the same foods and the same nutrient

mixtures were used in 1955 as in 1953 and 1954, exceptions being explained in

detail below.

From the standpoint of nutrient mixtures, there were three distinct

periods each with its own peculiarities; i.e., the pre-period (14 days), the
experimental period (9 days), and the recovery period (13 days). In the pre-
period, the subjects ate as much as they wanted of the 5-in-Il ration, with no

supplements. The aim was to maintain a constant body weight. In the experi-
mental period, the subjects were given fixed nutrient regimens (predetermined
levels of caloric intake; calories provided from protein, carbohydrate, and
fat; and water intake) and they were expected to consume no more or no less
than that offered. During the first three days of the recovery period
(REC I), the consumption of 5-in-I ration was controlled. During the next
eight days (REC II), the subjects were allowed to eat 5-inol ad libitum.
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During the last two days (REC III), the subjects were fed Field Ration A.
They were allowed to eat as much of this as they desired. The purpose of this
third phase of recovery was to collect data bearing on the phenomena of
"recovery diuresis" observed in the 1954 winter study (Sargent et al., 1955).

The nutrient mixtures are summarized in Table 11* 9. There are shown the
rations, ration components, and other foods used to formulate the several
regimens, the average daily caloric intake in the various periods, the per-
centage distribution of calories, and the water allowances. At this point the
symbols to be used throughout this report in subsequent tables and figures are
also listed. The symbols have been set up so as to convey the maximum amount
of information in a small space. For example, if a chart contains information
on the relation between some physiological measure and a diet of pure carbo-
hydrate# calorie intake 1000 Cal/day, water intake unlimited, the symbol
would be "0/100/0 1000 U." The symbols are the same as those used in the
temperate study of 1953 and the winter study of 1954, and they have been re-
tained to facilitate comparison of charts and tables. In 1955 the nutrient
mixtures and the water intakes were identical with those used in 1954.

Wherever the distribution of calories is mentioned throughout this report,
it has one specific meaning: the proportion of calories provided by protein,
carbohydrate, and fat, respectively. It does not refer to weight of these
nutrients in the diet. It was calculated by the factors 4 Cal/gm of protein,
4 Cal/gm of carbohydrate, and 9 Cal/gm of fat.

The present investigation was not concerned with the influence of vita-
mins on nutrient balance or functions of systems and organs. All survival ra-
tions are supplied with vitamin capsules. It was also probable that even if
vitamins had not been supplied, their absence would not have contributed
materially to the physical deterioration of the castaway if he were rescued
within the two-week period over which most rescue operations continue. To
avoid possible changes caused by chronic hypovitaminosis, the subjects took

yone capsule which supplied them with generous quantities of known essen-
T Tavitamins. Kapseals Combex with Vitamin C (Parke)Davis and Coo) were used.
Each capsule contained: thiamine hydrochloride, 10 mg; riboflavin, 10 mg;
vitamin B1 2 , 1 meg; sodium panthothenate, 3 mg; niacinamide, 10 mg; ascorbic
acid, 50 mg; liver concentrateý (N.F.), 0.17 gm; liver fraction No. 2 (N.F.),
0.17 gin.

Ration and Ration Components of the Pre-Period. The 5-in-I ration was
used as the basic food for the pre-periods. There were several reasons for
this decision. The primary one was that this particular ration offered the
usual American dietary in a standard and analyzed form. A secondary reason
was that the preparation of this ration would take a minimum of time, equip.
mentp and personnel.

The 5-in-I ration used in the 1955 tests was different than that used in
previous studies. The ration represented a procurement of 1954. Menu #2
was omitted from the original order. No supplements were used, but fresh
coffee, tea, and evaporated milk was substituted for comparable items in the
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ration. Salt and sugar packs were withdrawn and Sucaryl (Abbot) was substi-
tuted, The subjects were allowed two tablets per cup of liquid. This allow-
ance was followed during all phases of the study. These measures were taken
in order to allow an accurate estimate of the intakes of NaCI and carbo-
hydrate. In order to insure constancy of body weights during the pre"
period, any subject could have seconds of specific items: crackers, jam, and
milk for cocoa, tea, and coffee. There was no restriction of fluid intake.

Rations and Ration Components of the Experimental Periods. Twenty differ-
ent nutrient combinations were imposed during the two experimental weeks. Of
the 88 subjects 70 completed the full period of their assigned regimens
(Table II. 10). Table II. 11 gives the individual data for the 18 men who
were not on their assigned regimen for the full period. The reasons for the
men being removed are given in the table. It is evident that the majority
were taken off the diets early because of infectious diseases which required
air evacuation and special medical treatment not available at Camp Atterbury.
One subject--originally designated as No. 30-became ill in the indoctrina-
tion period and was unable to participate as a subject. He was evacuated to
Fort Benjamin Harrison for treatment of a neurodermatitis. Subject No. 93
was transferred by lot to his slot. Subject 30 returned to Camp Atterbury in
Rec I and was utilized as an FRA. His code number was 102.

In additior to a set pattern for clinical testing when a subject came
off early, there was a predetermined pattern also for nutritional rehabilita- W
tion. In so far as possible this pattern was identical to that used in 1954.
A number of subjects, however, because of their illness had to be confined to
Sick Bay or air evacuated for relatively long periods of time. In these
cases, in order not to lose valuable experimental information, the men were
placed on Field Ration A for the duration of the study.

The individual experimental regimens have been described in detail by
Sargent et al., 1955. In the 1955 summer test the regimens used were iden-
tical with those described in that report.

Rations and Ration Components of the Recovery Periods. Each of the three
recovery periods was handled differently and they will be described separate-
ly.

Recovery I: On 14 July after Flights I and 2 had completed the three-
hour tests the subjects were given their regular evening meal plus a supple-
ment of two ounces of sucrose. Unrestricted water allowances were begun.
On this day Flights 3 and 4 were maintained on their experimental regimens.
On 15 July the subjects of Flights I and 2 were given a breakfast which con-
sisted of two ounces of sucrose and water, tea, or coffee ad libitum.
Flights 3 and 4, postabsorptive, underwent the three-hour test in the morn-
ing. At noon this day all volunteer subjects began rehabilitation. The basic
ration was 5-in-l without supplements. The plan followed for this three-day
period was identical with that described by Sargent et al. (1955: Table
II. 16, p. 36).

Recovery II: During this period the subjects were allowed to eat 5-in-I
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TABLE II. 10

NUMBER OF SUBJECTS AND DURATION OF EXPERIMENTAL REGIMENS
Experimental Flight 1 Flight 2 Flight 3 Flight 4

Regimen No. Days No. Days No. Days Noe Days
ST O 1 9 4 9 5* 9 2 9

1o/100/0 1000 1 9 2 9 2 9 2 9
@ 0/100/ 2000 2 9 2 9 2 9 1 9
2/20/78 1000 1 9 2 9 1 9 2 9
2/20/78 .2000 1 9 2 9 2 9 2 9
15/52/33 I000 2 9 1 9 2 9 2 9
15/52/33 2000 1 9 1 9 2 9 2 9
15/52/33 3000 2 9 2 9 2 9 0 9
30/0/70 1000 2 9 1 9 1 9 2 9
30/0/70 2000 2 9 2 9 2 9 1 9
Control 3 9 2 9 3 9 3 9

*See Subject No. 54. Table II. 11

TABLE II. U

* SUBJECTS FAILING TO COMPLETE EXPERIMENTAL PERIOD
"Subject Experimental Days on
Code No. Regimen Work Regimen Remarks

2 ST 0 U Hard 4 Infectious disease (AE)*
3 ST 0 U Hard 6 Exhaustion
4 ST 0 U Hard 6 Exhaustion
5 0/00/0 1000 U Hard 8 Infectious disease (AE)

13 2/20/78 1000 U Hard 7 Infectious disease (AE)
16 2/20/78 2000 U Hard 7 Infectious disease (AE)
20 15/52/33 2000 U Hard 8 Infectious disease (AE)
31 30/0/70 1000 L Hard 5 Exhaustion@40 15/52/33 1000 L Hard 0 Infectious disease
41 15/52/33 2000 L Hard 2 Infectious disease (AE)
54 30/0/70 1000 U Light 0 ST 0, 9 days
58 2/20/78 1000 U Light 0 Infectious disease
68 ST 0 L Light 6 Exhaustion
70 ST 0 L Light 6 Exhaustion
74 040O/0 2000 L Light 3 Anhidrosis; water "U"

6 days
77 30/0/70 2000 L Light 2 Expired
87 15/52/33 3000 L Light 3 Infectious disease (AE)
88 15/52/33 3000 L Light 5 Infectious disease (AE)

*AE * Air evacuation
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ration ad libitum. During the first day or two of this period there were no
occurrences of acute nausea or vomiting. The absence of gastrointestinal
disturbances was attributed to the controlled realimentation.

Recovery III. For the last two days of the period of study at Camp Atter-
bury, the subjects were allowed to eat Field Ration A. This procedure was
adopted so that further information could be collected concerning the "re-
covery diuresis" described by Sargent et al. (1955). For these two days the
subjects were allowed to eat all the Field Ration A they desired. No records
were kept of the food intake, but a record was maintained of all liquids
consumed.

2. Preparation of Food

The methods employed in the 1954 study were used again in 1955. Indi-
vidual portions were packaged in aluminum foil trays, paper cups, and plastic
wrap°

The actual preparation differed in a few instances because the same loca-
tion was used for the complete study and because some ration items were
changed. The most helpful change was the addition of the ten extra subjects
(FRA's) as normal controls. These men worked alternately in each mess hall,
and became well trained in the food preparation procedures. In 1954 a new
"KP" group had to be trained every day.

To facilitate the food service, two mess halls were used. The mess
sergeant, with three cooks and five FRA's, operated the support mess. He
supervised the cook who worked with the three University dietitians in the
subject mess. In addition, two NCO flight leaders and five FRA's were
assigned to the subject mess.

Before food service began, the dietitians instructed the two NCO's and
cook on the procedures of the food preparation and service. The NCO in charge
of all ten FRA's was also in charge of the food preparation and the operation
of the mess hall during meals. The cook was in charge of the operation of
all kitchen equipment, making the coffee and tea, heating the food for each
meal, and supervising the cleaning of the mess hall. When time permitted he
helped with the food preparation.

Although the NCO in charge had never worked with foods before, he under-
stood the need for the assembly-line production methods worked out by the
dietitians (Figure II, 7). Within two days he could supervise the whole
daily schedule of food production and service. This gave the dietitians
free time to keep up with the paper work on individual food intakes. In
addition the two assistant dietitians helped with the food production, and
each was in charge of one meal a day. She helped each flight leader record
the food taken by the men in his flight. In this way at least one dietitian
was present at each stage of food preparation and service to answer questions
and to help prevent errors.
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FIGURE II. 7. PREPARATION AND PACKAGING OF FOOD.
LEFT TO RIGHT: A/3C T. V. MOORE, JR., A/iC H. J.
NEUFER, JR., NCO1C, AND A/3C M. STEWART.

Pre-Periods-Recovery Periods, A new pack of 5-1 ration was used for the
pre-period and recovery period. This 1954 pack contained different menus and
some completely new foods. In Table II. 12 the foods are listed by menu, as
packaged. They were not used in this way, but were combined to give fourteen. different daily menus. Sample menus are given in Table II. 13. These menus
were prepared in advance of the trial so that daily work sheets could also
be made out in advance.

As an example, for Day P-4, the intake forms (Sargent et al., 1955:
Appendix VI) were typed in advance to fit the menu. At Atterbury the quanti-
ties needed and portion size were filled in by the dietitians during Day P-2
to leave on clipboards for use the next morning. When the NCO opened the
mess hall, he had that day's work schedule ready. The stock list gave the
number of cans of each food to be obtained from the storeroom. The work
sheet gave the number of individual portions, the gram weight of each por-
tion, and the kind of container needed. By the end of Day P-3 the food for
P-4 was packaged and in the refrigerator, ready to be heated and served.

There were two main differences in food preparation between 1954 and
1955. The food analysis of the newer 5-in-I pack had been changed for the
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TABLE II. 12

THE FOUR MENUS OF THE 5-IN-1 RATION
(Procurement of July, 1954)

Menu #1 Menu #3 Menu #1
Hamburgers Kidney beans-ham Meat Balls--spaghetti
Ham and eggs Hamburgers Pork and gravy
Beef and gravy Luncheon meat Pork sausage links
Peas Vegetable soup Peas
Tomatoes Applesauce Corn
Shoestring potatoes Pineapple Apricots
Peaches Cheese Applesauce
Cherries Fruit cake Cheese
Pound cake Peanut butter
Cheese Cookies
Peanuts

Menu #5 Items in All Menus
Pork and beans Bread, white
Beef and vegetables Crackers
Bacon Jam
Chicken and gravy Dried milk
Lima beans Soluble coffee
Tomato soup Cocoa
Shoestring potatoes Sugar
Pears Candy
Pound cake Gum
Pecan roll
Peanut butter

vegetables to give the values of the solids only. This meant that vegetables
could be drained, a procedure that helped both preparation and palatability.
By experimentation beforehand it was found that 10 ml of vegetable liquid add-
ed to the individual container after weighing, would be enough to moisten the
food during oven heating, leaving little or no residue. The second difference
was that no special recipes were used. There was not the equipment available.
Then, too, it was found from the year before that these non-veterans of 18
years had no objections to foods like "Spam". In fact, this luncheon meat was
actually a favorite dish, with the portion size of one-half a can per man.
The new packs of beef, hamburger, and pork contained much less fat, making
them more edible without a special recipe.

In order to have enough food on hand for the recovery period, single por-
tions of foods like meat, vegetable, fruit, and dessert were issued during the
pre-period. Extra calories could be obtained from crackers and jam offered.
ad libitum. Approximately 1100 calories could be added by eating two crackers
ith a530-gram portion of jam at each meal* (One subject consistently ate six

at each meal.) During the recovery period, the meat, fruit, and desserts were
prepared in double quantity. By keeping the same portion size, no food was
wasted by those who wanted one serving, permitting others to have two, three, W
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TABLE II. 13

SAMPLE MENUS: PRE-PERIOD
MORNING NIGHT

P-1,, ,-

* Ham and eggs, Beef-vegetables, corn, Luncheon meat, baked
jam, crackers, cheese, pound cake, beans, peaches, tootsie
coffee, cocoa jam, crackers, coffee, roll, jam, crackers,

cocoa, tea coffee, cocoa, tea

P-2
Pork sausage, Beef and gravy, shoestring Spaghetti-meat balls,
jam, crackers, potatoes, peas, fruit cake, cheese, pineapple,
coffee, cocoa jam, crackers, coffee, tea, cookie, fudge bar, jam

cocoa crackers, coffee, tea,
cocoa

P-13
Pork sausage, Chicken and gravy, shoe- Hamburgers, corn, pea-
jam, crackers, string potatoes, lima nut butter, pears,
coffee, cocoa beans, pound cake, jam, caramel bar, jam, crackers,

crackers, coffee, tea, coffee, cocoa, tea
cocoa

P-14
Ham and eggs, Pork and gravy, shoestring Kidney beans-ham,
jam, crackers, potatoes, peas, pecan applesauce, peanut
coffee, cocoa roll, jam, tea, crackers, butter, tootsie roll,

coffee, cocoa jam, crackers, coffee,
cocoa, tea

P-5
Bacon (44 men), Beef and gravy, shoestring Beef-vegetables, lima

* jam, crackers, potatoes, corn, peaches, beans, apricots, chocolate
coffee, cocoa, jam, crackers, coffee, tea, discs, jam, crackers,
(Flights 3,4) cocoa (cheese, pound cake coffee, cocoa, tea (peanut

extra-Flights 1, 2) butter, cookie, extra--
Flights 1, 2)

P-6

Bacon (44 men), Hamburgers, shoestring Luncheon meat, baked
jam, crackers, potatoes, peas, pineapple, beans, pears, fudge
coffee, cocoa, jam, crackers, coffee, bars, jam, crackers,
(Flights 1, 2) cocoa, tea, (peanut coffee, cocoa, tea

butter, pound cake extra-- (cheese, cookie, extra-
Flights 3,4) Flights 3,14)

P-7
(No breakfast) Pork and gravy, shoe- Spaghetti-meat balls,

string potatoes, lima beans, peanut
tomatoes, cherries, butter, fruit cake, jam,
cheese, peanuts, jam, crackers, coffee, cocoa,
crackers, coffee, cocoa, tea
tea
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or even four servings. For vegetables, the portion size was increased by
about one-third. Single helpings were usually all that were eaten.

Experimental Period. The preparation of the special diets was simpler and
less time consuming than the 5-in-1 ration. However, a dietitian supervised
the preparation of each diet, and saw that the correct diet letter and subject
numbers were on each container. Three equal units were prepared 24 hours in 0
advance for each man each day. They were stored or refrigerated until the
following day's meals.

Every effort was made to suit the diets to individual taste. Some diets
could be varied by temperature, others by adding water, or, as in the all-carbo-
hydrate diet, by a choice of components. All of these variations could have
been managed in a true survival situation. They helped with the acceptibility
of the diets, which we were testing as mixtures rather than standard survival
rations.

High carbohydrate (0/100/0): The gumdrops required no preparation, and,
as in 1954, they were placed in the aluminum trays, sealed, and labeled.

High fat, low protein, low carbohydrate (2/20/78): The cracker and oleo-
margarine sandwiches were wrapped in labeled Saran. During the hot weather
trial, the subjects preferred to have the diet chilled in the refrigerator.
(During the cold weather phase the subjects preferred them warmed in the oven.)

High fat, high protein, low carbohydrate (30/0/70): The meat bar could be
eaten as it came in the package with a choice of temperature. Ordinarily it was
served at room temperature, but by mistake one day it was warmed .in the oven.
One flight preferred it that way and ate it the rest of the time warmed. The
other variation was a choice of adding water, and heating. In 1954, the lack
of oven equipment meant that it had to be hydrated and cooked in one large pot.
In 1955, the stack ovens permitted hydrating each package by adding a weighed
quantity of water to the weighed crumbled meat bar. When it was sealed and
heated in the oven, the small amount of water steamed and softened the meat bar.

Normal mixture (15/52/33): Except for the meat bars in this diet, which
could be eaten in any of the four ways listed for the diet above, the foods were
prepared and served without variation. The crackers, jam, catsup, and raisins
were packaged as during the pre-period.

Water (U and L): Fresh canteens were issued each morning and those from
the previous day were turned in for weighbacks (Figures II. 8 and II. 9). Those
on limited water started out with just this one canteen for the day. Those on
unlimited water could have their empty canteens refilled whenever desired by
their flight leader, who recorded them.

3. Meal and Service

The basic methods of the 1954 winter study were used again in 1955. Be-
cause the same mess hall was used for the whole study, the feeding routine was
standard during all three periods.
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In general, the men marched by flights to the mess hall, went through the
line by number to receive their food, and had the food recorded by the flight
leader and dietitian before going to their tables (Figure II. 10). At the com-
pletion of the meal, the food containers on each tray were weighed and re-
corded. As the result of experience gained from the 1954 study, the dieti-
tians helped with weighbacks to train the subjects during the first two days.
At the end of the fourth day, the subjects and flight leaders were able to
complete the procedure without supervision (Figure II. 21). By the end of
each day all meal sheets were checked, and amounts of each food eaten by each
subject calculated. In this way, errors or omissions could be found and
corrected while subjects and flight leaders could remember details. As in
195h, fresh canteens and vitamins were issued daily at breakfast.

Pre-Periods I and II. The first two weeks were similar in every respect
to the 1954 study. Three meals were offered for ad libitum feeding, with
extra helpings available on crackers and jam and liquids. On testing days,
when certain flights had only two meals, extra food was offered to help make
up the caloric deficit. (Table II. 13: P-5 and P-6.)

Experimental Period I and II. The messing procedures of the pre-period
were continued. Because the diets had to be eaten completely, the flight
leaders made a visual check of each tray to see that this had been done. Dur-. ing the first few days, if some food was left, a weighback was recorded. This
happened in only a few cases, for most eating problems could be handled by
either the military or university personnel*

In one case every kind of persuasion was used without success. Although
the subject said he would eat another diet, without meat bar, a change bould
not be permitted for reasons of morale. This subject actually became a star-
vation subject.

Unlike the 1954 study, the subjects on starvation preferred to remain
outside the mess hall, in a supervised group, to drink their tea or coffee..All the other subjects remained in the mess hall.

Recovery Periods I and II. During the first three days of the recovery
period, the foods were limited to prevent overeating. Table II. 14 shows
how the menus were arranged to permit feeding at three different calorie
levels. Those who had been on the starvation diet could have approximately
1000, 2000, and 3000 on the three successive days, while those who had been
on 1000 calorie diets had approximately 1500, 2500, and 3500 calories. They
were not required to eat all of the food offered, but could not eat ad libi-
turn until the fo-arth day. After the first three days (REC I) the menus
(Table I. 15) were very similar to those of the pre-period. During REC II
the subjects took only the foods they wished to eat and could come back for
extra helpings as often as desired. The canteens of water were exchanged
each morning as in previous periods.

4. Calculations

Forms for Recording Original Data and Calculations A number of special
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FIGURE II. 8. CANTEEN EXCHANGE. LEFT TO RIGHT:
A/3C J. LEE AND A/3C J. L. HORNE

FIGURE II. 9. MEASUREMENT OF UNUSED WATER
MISS M. R. HUNTWORK, ASSISTANT DIETITIAN.

FIGURE IIo 10. SUBJECTS OF FLIGHT 1 IN MESS HALL.

FIGURE II. 11. WEIGH-BACK OF UNEATEN FOOD. LEFT TO
RIGHT: T/SGT R. E. MILLER AND A/3C D. P. THOMAS.
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TABLE II. 14

MENUS--RECOVERY PERIOD I (Controlled)*
A.M. NOON P.M.

R-l
(STO)** No breakfast Chicken noodle soup, Spaghetti-meat balls (200gm)

1 cracker, jam, I cracker, jam
peaches

(1000) No breakfast Chicken noodle soup, Spaghetti-meat balls (200gm)
I cracker, jam, 1 cracker, jam,
peaches pineapple

(2000,
3000) No breakfast Beef-vegetables (250gm) Spaghetti-meat balls (300gm)

2 crackers, jam, 2 crackers, jam,
peaches pineapple

R-2
(STO) Ham & eggs Lunch meat (100gm) Beef-uvegetables (250gm)

2 crackers, Peas, 1 si. bread, jam,
jam 1 sl. bread, jam cherries

(1000) Ham & eggs Lunch meat (100gm) Beef-vegetables (250gm)
2 crackers1  Peas, 1 sl. bread, jam,
jam I sl. bread, jam, cherries

apricots

(2000,
3000) Ham & eggs Lunch meat (175gm) Beef-vegetables (250gm)

2 crackers Peas, 2 sl. bread, jam,
jam 2 sl. bread, jam, cherries, pound cake

peanut butter,
apricots

R-3
(STO,
1000) Ham & eggs Spaghetti-meat balls Kidney beans-ham

2 5l. bread, 2 sl. bread, jam, 2 crackers, jam,
jam pears pineapple

(2000
30001 Ham & eggs Spaghetti-meat balls Kidney beans-ham

2 al. bread, 2 sl. bread, jam, 2 crackers, jam,
jam cheese, pears pineapple, cookie

*Coffee, tea, and cocoa at all meals.
**Refers to caloric content of preceding experimental nutrient mixture.
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TABLE II. 15

SAMPLE MENUS-RECOVERY PERIOD II (ad libitum)

A.M. NOON P.M.*R- •

Sausage, cereal, Hamburgers, Chickens-gravy,
bread, jam, shoestring potatoes, peas, peanut butter,
coffee, cocoa corn, cheese, peaches, cookies

pecan roll, candy, bread, jam
bread, jam, coffee, tea, cocoa
coffee, tea, cocoa

R-5
Lunch meat, (40 men) Beef and gravy, Kidney beans-ham,
bread, jam, limas, apricots, tomato soup, cheose,
coffee, cocoa cookies, candy, applesauce, fruit cake,
(Flights 3, 4) bread, jam, bread, jam,

coffee, tea, cocoa coffee, tea, cocoa

R-6
Lunch meat (40 men) Chicken-gravy, Spaghetti-meat ballsS bread, jam, shoestring potatoes, peas, pineapple,
coffee, cocoa pound cake, peanut butter cheese, cookie, candy,
(Flights 1, 2) bread, jam, bread, jam,

coffee, tea, cocoa coffee, tea, cocoa

R-7
No breakfast Hamburgers, Lunch meat,
(All flights shoestring potatoes, limas, applesauce
tested) baked beans, cheese, tomato soup, peanut

fruit cake, candy, butter, pecan roll,
bread, jam, bread, jam,
coffee, tea, cocoa coffee, tea, cocoa

forms were devised for specific use in this study. They ensured reliability
and facilitated the thousands of arithmetical calculations required in the
breakdown of the daily food intake into its several nutrients. Sample forms
different from those used in the temperate study of 1954 are collected in
Appendix VI. The three forms below served for all daily data collection.

Daily menu sheet: The food each day was listed in three-meal menu forms.
Used in duplicate, this form served as (1) a work sheet for food preparation,
when number and size of portions were filled in and (2) a guide for food ser-
vice for cook and NCO and a place for dietitians to note exact menu served.

Stockroom list: The foods from all the rations were listed, with a space
in front of each one where the numbers of cans needed each day could be noted.

. Flight intake sheets: Each of the four flights had a different color in-
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take sheet. A new sheet was used for each meal. On this form were recorded
the number of servings taken by each subject and the weigh-back of each food
container. From these data sheets, analyses could be made. Two forms were
used for this.

Individual daily dietary analysis form: From the intake sheets the
amounts of each food eaten were listed as grand totals for the day. For ex-
ample, several figures for the intake of crackers were totaled and listed as
one value. A vegetable, such as peas, if used plain and in a recipe, was
listed as one total figure. The data on the intake sheets and the analysis
sheets were double checked for accuracy. On each of these three forms the
dietitians did all of the computing and transferring of data.

After the total amount of each item consumed had been listed on the
analysis sheet, clerical help was used to copy the analysis from specially
prepared food tables and to summate the daily intake. The dietitians checked
each total for accuracy, using the factors of 4-9-4 Cal/gm of carbohydrate,
fat, and protein, respectively, to check against total Calories.

Individual summary sheets: The totals of each day's intake for each diet
period were listed on this form. From these figures the dietitians made the
averages for any period under consideration.

Analytical tables prepared for the 1953 study were used and expanded in
1954 and 1955. The analysis of each food was made for each gram from I gram
to the largest size portion eaten, e.g., 200 gm or 500 gm. Thus there was
no need to round-off intake figures for easy computation. For the candy bars
and other things eaten, like crackers, cake, etc., standard figures were used,
with gram by gram analysis made out for 1 gm to the single weight of each
piece, to allow for partially eaten foods. The data came from the following
sources:

l. Q.M. Food and Container Institute: Record of Nutritive Values.
Ration Small Detachment, 5-in-l. MIL-R-10754 #A#(Q4C), 22 Oct. "953,
W/ Amendment 2, 20 July 195h. (Summary sheet, Menu #1, Menu #2,
Menu #3, Menu #4, Menu #5). Chicago, fII. 12 November 1954.

2. Q.M. Food and Container Institute: Tables of Nutritive Value
of Ration Items. April 1951.

3. Bureau of Human Nutrition and Home Economics, U. S. Dept.
Agriculture: Table of Food Com!position for the Armed Forces.
Washington, D. C. (undated but current).

4. Bowes, A deP., and Church, C. F.: Food Values of Portions
Commonly Used. 7th Ed. College Offset Press, Philadelphia, Pa., 1951.

The data published by the governmental agencies (1, 2, and 3) were used in
calculations of the components of the 5-in-I ration and the components of the
survival rations. The data available were for calories, water, protein, car-
bohydrate, fat, and calcium. Since it was also necessary to know the intake of
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sodium, potassium, chloride, and phosphorus, this information was obtained by
direct chemical analyses of representative samples of the several components
and local water supplies (see Tables II. 16 and 11. 17 below). The data of
Bowes and Church (Ref. 4) and information obtained by our own chemical analy-
ses provided values for special foods (e.g., raisins and catsup) and for all
the dietary intakes of men subsisted on Field Ration A. The information con-
tained in the paper by Bills et al. (1949) provided valuable reference for
checking the data we obtained on the electrolytes in food.

5. Chemical Analysis of Foods

Since a new procurement of the 5-in-l ration was used in the summer tests,
.it was necessary to re-analyze the individual components. The chemical pro-
cedures followed were the same as those described in WADC TR 53-484, Part 2.
Data for sodium, potassium, chloride, and phosphorus content of items in
Menus 1, 3, 4, and 5 are summarized in Table II. 16.

Special foods were the same as those employed in the 1954 winter test
and the chemical data have been detailed in previous reports (Sargent et al.,
1954, 1955). There was one exception: Evaporated Pet Milk. Our analysis in-
dicated the following concentrations of minerals: sodium, 96 mg/iOO ml;
potassium, 317 mg/lOO ml; phosphorus, 206 mg/lO0 ml, 6hloride,169 mg/lOO l.. Values for nitrogen and calcium were taken from Bowes and Church (Ref. 4
above).

Three samples of tap water were taken. The results (Table II. 17) indi-
cate a sodium content of 6 mg/100 ml; potassium, 2 mg/O00 ml; and calcium,
55 mg/bOO0 ml. Chloride and phosphorus were not present in significant amounts*

E. COLLECTION AND PRESERVATION OF SPECIMENS

Three types of specimens were collected: (1) food, (2) excreta (urine,
feces, sweat, and vomitus), and (3) blood. Each was handled in a standard. fashion.

1. Food

Five-In-One. Since a new procurement of the 5-in-l ration was used, it
was necessary to reanalyze all of the components. One box of each menu (Nos*
1, 3, 4, and 5) was set aside for subsequent chemical study. No special
methods of preservation were required, for chemical analysis was begun immedi-
ately after the components were opened.

Other Ration Components and Commercial Foods. Most of the components of
the experimental diets were the same as those used in the winter study of 1954.
Since most of the items were packaged, no special methods of preservation were
required. Chemical analyses were done when other analytical aata from other
sources were not available.

2. Urine

Twenty-Four Specimens. A 24-hour specimen of urine was collected from each
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TABLE II 16

CHEMICAL ANALYSIS OF 5-IN-1 FOOD ITEM
(Procurement of 1954)

Sodium Potassium Chloride Phosphorus
Food mg Na/lO0 gm g -E KAOO gm kng Cl/lOO gm mg P/100 gui

Menu 1
1. Cherries 16 195 39 27
2. Peaches 15 159 0 25
3. Tomatoes 14 258 34 29
4. Hamburger, Type I 732 445 817 203
5. Ham and Eggs 867 275 1124 192
6. Beef and Gravy 584 265 726 180
7. Bread 391 217 584 101
8. Crackers 1063 117 1494 147
9. Cereal Bar, Class 8 414 285 942 211

10. Pound Cake 274 63 335 122
11. Shoestring Potatoes 1490 1582 2483 197
12. Cheese 1620 73 1438 658
13. Jam 4 83 44 10
lk. Dry Cream 569 99 0 376
15. Peanuts 907 670 1072 438
16. Cocoa 755 1830 1181 891
17. Chewy Chocolate Roll 140 147 260 86W
18. Peas (solids) 279 I10 319 81

Menu 3
19. Applesauce 13 k4 35 15
20. Pineapple 7 69 0 11
21. Kidney Beans and Ham 372 316 527 153
22. Lunch Meat 1180 241 1661 217
23. Cereal Bar, Class 6 736 442 1046 392
24. Fruit Cake 188 154 332 ii
25. Vegetable Soup 761 274 1330 64

Menu 4
26. Apricots 12 147 22 20
27. Spaghetti and Meat

Balls 727 199 1142 I14
28. Pork and Gravy 644 299 785 179
29. Cereal Bar, Class 5 846 560 1067 361
30. Cookies 330 71 234 89
31. Peanut Butter 462 704 546 427
32. Chocolate Fudge Bar 57 234 34 129
33. Corn (solid) 192 161 368 89
34. Sausage Links (solids) 1090 226 1291 153
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TABLE II. J6 (CONTD.)

FOOD ITEMS
(Procurement of 1954)
Sodium Potassium Chloride Phosphorus

mg NaAO0 gm mg K/lO0 gm mg Cl/IO0 gm mg P/1O0 g0
Menu 5

35. Pears 6 68 40 13
36. Beans and Pork 207 33h 394 143
37. Bacon Sliced 2118 138 2924 64
38. Beef and Vegetables 514 249 717 109
39. Chicken and Gravy 484 99 546 84
40. Pecan Roll 313 92 272 131
41o Tomato Soup 652 151 1108 76
42. Chocolate Bar 79 365 100 220
43. Caramel Nougat Bar 165 189 190 126
44. Lima Beans (solids) 295 280 220 101
%45. Raisins 43 815 0 133

TABLE II 17

CHEMICAL ANALYSIS OF TAP WATER FROM CAMP ATTERBURYy INDIANA.
Concentration,9 mg/lOO ml

Specimen Sodium Potassium Calcium Phosphorus Chloride
1 0,36 0.09 4.7 0 0
2 o.6b 0.23 5.5 0 0
3 0.68 0.25 6.2 0 0

of the 100 volunteer subjects according to the technique described by Sargent
et al. (1955).

Handling the 2k-hour specimens in the field: The daily specimens were
* turned in each morning at the laboratory. The volume was measured and recorded

(Figure II. 12). Ten per cent of the daily volume was transferred to a gallon-
sized brown bottle containing five ml of glacial acetic acid (Figure II. 13).
Five-day pools were prepared; specimens collected on the days of the three-
hour test, heat acclimatization test, and water diuresis test were omitted from
the pool.

If a subject was taken off the experimental regimen early, the pool was
closed and a new pool started. The latter was closed at the end of the regular
pool-period; thus two pooled specimens were prepared during the period when a
subject discontinued a diet early.

Because of the epidemic which abruptly terminated the experimental period,
the regular pooling scheme broke down. EXP II was represented by a two-day
pool; REC I, by a two-day pool; and REC II, by a four-day pool.. The pooled specimens were stored in an ice box maintained at about 40OF un-
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til the period was completed. At this time the specimens were diluted to
3500 ml with distilled water and thoroughly mixed. Two one-ounce aliquots
were taken in brow4 screw-capped bottles. The aliquots were packed for shipment
to the University of Illinois and stored under dry ice in an insulated chest.
Periodically the specimens were transported to the University either by air or
by USAF truck transportation. The specimens were kept in dry ice during ship-
ment. On arrival at the University the specimens were checked for breakage
and then transferred to a cold room in the Horticulture Field Laboratory where
they were maintained at -25°F until the chemical analyses were performed. Dur-
ing chemical analysis, the specimens were maintained in a refrigerator at about
h 0o.

Other aliquots were also made from the raw 24-hour urinary specimens. (1)

One-ounce aliquots were taken daily in brown screw-capped bottles from Day 13
through Day 25; one aliquot was prepared for each subject. The aliquots were
handled in an identical fashion to that detailed above. (2) At times when
deuterium oxide was administered, a special procedure was followed. Two four-
ounce aliquots were prepared from the raw 24-hour urine passed during the day
prior to the test. On the day of the test, two 12-hour specimens of urine were
collected. From each raw specimen two additional four-ounce aliquots were
taken. The remaining urine was pooled and a 10% aliquot was added to the pool.
The raw aliquots were handled after the manner already described. This pro-
cedure was modified somewhat in the experimental period; the details will be
discussed below in the section dealing with D2 0 test.

Three-Hour Test Specimens. The timed urine of this test was taken to the
laboratory. The volume was measured, A ten-ml aliquot was taken for the Addis
Count and nine ml (a supernatant) was returned to the specimen. All specimens
with volumes less than 300 ml were diluted to 300 ml. Three one-ounce aliquots
were taken in screw-capped brown bottles. The aliquots were treated in the
usual way.

Exercise and Post-Exercise Specimens, Two timed urines were collected dur-
ing the afternoon of the heat acclimatization test: the exercise and post-
exercise specimens. One one-ounce aliquot was taken from each and subsequently
treated in the usual way.

3. Feces

Fecal specimens were collected from the 100 subjects in the same manner as
in the 1954 winter test (Sargent et al., 1955). The periods were marked as
usual with carmine and the pool-period was identical with that described for the
24-hour urine (vide supra). The paraffin cartons containing fecal specimens

FIGURE II. 12. MEASURING 2h-HOUR URINARY VOLUME. LEFT TO RIGHT: Ai/2C R. A.
BASS AND T/SGT K. M. SPRINGER.

FIGURE II. 13. POOLING ALIQUOTS. LEFT TO RIGHT: MR. N. MELTZER, MR. S.
MIZELL, AND MR. R. ADAMS.
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FIGURE 11, 12

I A

FIGURE n,. 13
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FIGURE II. 14. PREPARING TO POOL FECAL SPEC-
MENS (MR. S. F. MAROTTA).

were stored in a refrigerated van at 35OF until pooling was done (Figure II.
lh). The fecal pools were prepared according to the method of Johnson,
Pandazi, and Sargent (195h). The volume of the final homogenate was 6000 ml in
all periods. Distilled water was used throughout in the preparation of these
homogenates. Three one-ounce aliquots were taken from each homogenate. The
aliquots were collected in brown screw-capped bottles. The fecal aliquots were
handled and stored until the time for chemical analysis in the same fashion as
that already described for the urinary aliquots.

4. Sweat

Sweat was collected in elbow-length rubber gloves worn on each arm by the
subjects taking part in the heat acclimatization test (vide infra). The sweat
from the two gloves was pooled in a four-ounce screw-capped brown bottle.
After the volume had been measured, the sweat was transferred to one-ounce screw-
capped brown bottles. All the sweat collected was saved. The one-ounce ali-
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quots were treated in the usual fashion until chemical analyses were performed.

5. Blood

Venipuncture. All specimens of blood were taken during the three-hour test.
The venipuncture was made as previously described by Sargent et al. (1955).

Whole Blood. Whole blood (Figure II. 15) was used for hematology and glu-
cose determinations. The smears and specimens for hematological and chemical
analysis were prepared as in the 1954 winter test (Sargent et al., 1955)o All
analyses of whole blood were done in the field laboratory (Figure II. 16)o

Serum. Serum was taken according to the method used in the 1954 winter
test (Srent et al., 1955). An analysis for serum amylase was done in the
field laboratory. The remainder of the serum was stored in two or three 15-ml
screw-capped vials. These vials were processed in the usual fashion for ali-
quots of biological specimens until the time for chemical analyses.

6. Other Excreta

Paraffin-lined cartons were kept at designated areas for use in case of
vomiting, which occurred infrequently. The individual specimens were diluted

* to 500 ml with distilled water and thoroughly mixed. One one-ounce aliquot was
taken in a brown screw-capped bottle. The aliquots were treated and stored in
the usual fashion until the time for chemical analyses.

F. NFUTRIENT AND OTHER BALANCES

1. Nutrient Losses in Sweat

Sweat contributed significant losses of water, sodium, chloride, nitrogen,
potassium, and calcium. In arriving at suitable correction factors, two mea-
surements had to be considered. The first was the actual total sweat loss for. each subject. This quantity varies according to work load, environmental
conditions, and individual idiosyncrasy. The second was the nutrient concentra-
tion of the sweat of each subject. In the case of sodium and chloride, this
quantity varies with work load, environmental temperature, dietary regimen,
and individual idiosyncrasy. In the case of potassium, calcium, and nitrogen,
variability with work load is small, If we adopt the review of Robinson and
Robinson (1954a) as standard for these calculations, the summary data of Table
II. 18 are pertinent for the present purposes.
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TABLE II. 18

CHEMICAL COMPOSITION OF SWEAT
(After Robinson and Robinson, 195ha)

Nutrient and Rest and Light Hard Effect of
Units Activity Activitz Diet

Sodium, mEq/l 30 60 Marked
Chloride, mEq/1 25 50 MarkedPotassium.. mEq/A 4.5 4.5 ?
Nitrogen, mg N/100 ml 40 40 Slight
Phosphorus, mg P/1O0 ml 0.02 0.02 9

Calciump mg Ca/IOO ml 5 5 ?
I

Because of the important effect that rate of sweating has in controlling
nutrient concentration in sweat, it is necessary to calculate separately sweat-
ing at rest, during light work, and during hard work. A series of observations
was made to obtain data on these points, and it was decided that interindividual
variabilities with respect to rate of sweating and chemical composition of sweat
were so great that it would be necessary to compute sweat losses for each indi-
vidual subject in arriving at a realistic balance with respect to sodium and
chloride. There is not enough phosphorus in sweat to necessitate calculating
its loss by this route. Calcium, potassium, and nitrogen concentrations in
sweat are quite small and relatively constant, and therefore an assumed flat
single concentration is probably justifiable for these three nutrients.

As described in the section on water balance, a "true sweat loss" could be
calculated for each subject. This value permitted calculations of water, nitro-
gen, phosphorus, and calcium by a single assumed concentration for each. In
the case of potassium, the subject's own sweat was analyzed weekly, and this
value was multiplied by the "true sweat loss" for that metabolic period. In
the case of sodium and chloride, the subject's own value for maximal sweating
was known each week. This concentration was multiplied by the "true sweat
loss" in hard work for the period. For light work, a value of one-half of the
maximal value was multiplied by the "true sweat loss" in light work for the
period. Phosphorus in sweat is negligible, and was not computed.

2. Caloric Balance

Intake. The caloric intake was calculated from food tables (Sargent et
al., 195.

FIGURE II. 15. PREPARING WHOLE BLOOD FOR CHEMICAL AND HEMATOLOGICAL ANALYSIS
(MR. G. N. WOGAN).

FIGURE IT 16. FIELD CHEMICAL LABORATORY*
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Output. The caloric output was estimated in the same fashion as followed
in the-' winter test (Sargent et al., 1955).

Calculations. For each period, the average weight of each subject was cal-
culated. From the flight logs, the average number of hours per day spent in
hard work, light work, and resting were calculated (Table II. 19). For each kg
of body weight factors of 4.0, 2.2, and 1.1 Cal/hour were used for hard work, V

TABLE II. 19

CATEGORIES OF DAILY ACTIVITY
Resting Light Work Hard Work

1. Sleeping I* Sitting (e.g., meals, 1. Close-order drill
classroom, movies)

2. Resting during 2. Policing living facil- 2, Heat acclimatization
tests ities (e.g., barracks, test

campsites, etc.)

3. Survival and military 3. Prescribed marching

indoctrination to and from mess

i. Reading, writing 4. Sports

5. Washing clothes

6. "GI" party

light work, and resting, respectively. Mean daily caloric expenditure was then
calculated by the formula: (Mean Body Weight) x (Hr of Hard Work x 4.o + Hr
of Light Work x 2.2 + Hr of Resting x 1.1). Balance was calculated from the
formula: Balance w Intake - Expenditure.

3. Water Balance

Intake. The water intake was taken as the sum of the known intake of fluid,
the pr-efo-med water in the food, and the metabolic water from the food.

Output. Water is lost in urine, expired air, in sweat and insensible
persplration, and to a very minor extent in feces and other body fluids. Urine
volume was measured daily. The insensible water luss (expired air plus insens-
ible perspiration) was calculated for each subject from his body weight and
data from the temperate study on rate of insensible sweating per kg. Sweat
contributed as much or more water than did the urine. It was calculated for
each subject from the hours of hard work, the hours of light work, and the hours
of rest.

Calculations. Balance was calculated as (intake minus output).

Daily sweat loss was calculated by assuming that water balance was generally
positive for PRE I and PRE iI. Each subject's maximal rate of sweating in hard
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work was known from the weekly heat acclimatization test. A "maximal possible
sweat loss" was calculated by multiplying mean hours of hard work by the maxi-
mal value, and mean hours of light work by one third that value. "True sweat
loss" was calculated from (intake minus the stua of urine, insensible water
loss, and miscellaneous loss in feces and blood). The ratio "true sweat
loss"/"maximal possible sweat loss" for each subject was used to multiply
S"maximal possible sweat loss" in all other periods to arrive at "true sweat

Wloss" for all periods*

4. Nitrogen Balance

Intake. Nitrogen intake was calculated from analytical data for experi-
mentaT-e-gImens and all 5-in-l items. FRA nitrogen intake was calculated from
book values.

Output. Urine and feces were collected daily, pooled for the metabolic
period c-o-sen, and analyzed. Dermal losses were assumed, as in the temperate
study of 1953, as to be 0,2 gm N per man per day. (Table II. 20.)

TABLE II. 20

BALANCE CALCULATIONS: NITROGEN LOSSES
FROM MISCELLANEOUS SOURCES

Source FlightPeiod
PRE I PRE II EXPI EXP II REC I REC II

Deral Losses I __ 0o. ..
Nitrogen, 2 0.2 0,2 0.2 0.2 0,2 0.2
gm N/day 3 0.2 0.2 0.2 0.2 0.2 0,2

4 0,2 0.2 0.2 0,2 0,2 0.2
FRA 0.2 0.2 0.2 0,2 0,2 0.2

Blood 1 0.4 0o.4 0.4 1.3 0 o.4
trogen, 2 0o4 0.14 o')4 1.3 0 O.d

Sg N/day 3 0.4 0. 0.4 1.,3 0 0.14
W4 .h o.4 o.4 0.9 0 o.b
FRA 0.4 0.14 0. 1,3 0 Oh

Nitrogen losses in blood: The only nutrient lost in significant amounts in
the weekly venipuncture was nitrogen, the value for which is taken as 3.0 gm N
per 100 ml of blood, Weekly venipunctures of 90 ml were performed in PRE I,
PRE II, EXP I, and REC II. The same amount of blood was taken in EXP IIp the
balance period for which lasted only three days. No blood was drawn in balance
period RECI. Thus, a fixed correction calculated for each period was used
(Table II. 20).

Calculations. Nitrogen balance, gm N/day - (Nitrogen Intake, gm N/day) -
(Urinary N + Fecal N + Dermal N + "True Sweat Loss", liters, x 0.040 + Miscel-.
laneous Loss).

S5. Fat Absorption
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True balance of fat cannot be calculated from intake and output because
of the effects of intermediary metabolism. In the present studies, total daily
fecal excretion of fatty acids is estimated chemically. Intake is calculated
from book values. An index of fat absorption is (fat intake)/(fecal fatty acid
excretion).

6. Minerals

Minerals include sodium, potassium, calcium, phosphorus, and chloride.

Intake. All experimental regimens and 5-in-l items were analyzed directly
by met•o-dfs-described in the report for 1954. Intake of minerals in fresh and
frozen foods (FRA) was computed from book values.

Output. Urinary and fecal excretion of minerals was estimated by direct
chemical ana3ysis of samples covering each metabolic period. The methods have
been described in a previous report (Sargent et al., 1955). Loss in blood was
almost negligible but was computed. Dermal loss is assumed to be negligible.
loss in sweat was calculated differently for the several minerals. There is
little if any phosphorus in sweat, so that no calculation was necessary. The
concentration of calcium is rather constant, and it was safe to assume a stand-
ard figure of 50 mg Ca/liter of "true sweat". Potassium fluctuates very little
in a given individual, but is widely different from individual to individual.
Therefore, the subject's own value for a given week was multiplied by "true 0
sweat loss" for that week. Sodium and chloride behave similarly to each other,
and their loss was calculated as described in the section "Nutrient Losses in
Sweat" above.

Calculations. The balance of a given mineral was calculated thus: Balance
(Intake) - (Urinary Loss + Fecal Loss + Loss in Sweat).

7. Vitamins

All subjects received daily therapeutic doses of all known vitamins. No
measurements were attempted of vitamin excretion or vitamin tolerance. It was
assumed that vitamin deficiency could not arise under the conditions of these
experiments. It is now fairly well accepted that loss of vitamins in sweat
is not large enough to pose nutritional problems, especially in very short
periods (Mitchell and Edman, 1951). Hence, even the profuse sweating of our
hard work subjects would not predispose to vitamin deficiency.

8. Acid-Base Balance

The term "acid-base balance" has quite different connotations from any
orthodox nutrient balance. Historically, it has referred to the fluctuations
of acidity of plasma and other body fluids. These changes are due to the mutual
interaction of exogenous and endogenous acid and base, both inorganic and
organic. In the present study, acid-base balance was measured solely by the pH
and titrable acidity of freshly collected urine.

It is tempting to speculate that perhaps, when knowledge is more complete
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than it now is, a complete study of dietary intake will enable a reliable esti-
mate to be made of the acidity of body fluids, and particularly the regulation
of urinary acidity. In our studies, such an attempt has as yet led to little
success. The reaction of the organism as a whole is too complex for us to be
able to predict it with accuracy.

9. Osmotic Balance

The concepts of osmotic balance and osmotic depletion are not to be found
in the orthodox metabolic literature. They should be defined and used, for they
are of the utmost importance in the interpretation of nutritional data.

As in the case of acid-base balance, endogenous factors are important in
determining the osmotic state of the body as a whole. Osmotically active
materials, mainly organic molecules of small molecular weight, organic acids,
and ammonia, arise within the body and are excreted in the urine, sometimes in
large amount.

A substance that has received very little attention in the osmotic litera-
ture is carbon dioxide. Considering the fact that the normal resting individual
loses roughly one mol of CO2 every two hours by way of the lungs, at a time when
his total carbon consumption may amount to about 10 mol per hour, this osmotic-

* ally active material may contribute appreciably to osmotic balance in the body.
Exploratory studies on this point are in progress (B. Howell and R. Adams,
Personal Communication).

All things considered, the term "osmotic balance" must be as meaningful
from the standpoint of pathologic physiology as the term "acid-base balance"
and should be as fruitful if systematically explored. We define osmotic deple-
tion as a condition in which the intake of minerals plus nitrogen is abnormally
low, leading to an abnormally low urinary excretion. In the healthy subject a
very high correlation exists between the intake as thus defined and the output
as thus defined, even though it is recognized that endogenous factors, such as

* ketonemia may be very important in determining urinary osmotic excretion.

In the present study, as in our previous ones, we have used the daily or
hourly osmotic excretion as measured by freezing point depression, as an index
of osmotic balance.

G. CLINICAL PATHOLOGY

1. Hematology

The hematological determinations were made by standard procedures of
clinical pathology. The blood used in these analyses was venous blood. Venous
blood was collected by venipuncture with a minimum of stasis. The subjects
were postabsorptive in all periods except EXP II. The first few drops of blood
from the needle were placed on glass slides and smears were prepared for stain-
ing. Five ml of the blood was placed in a screw-capped vial containing a stand-

S ard amount of dried double oxalate (sodium and ammonium oxalate, prepared
according to Hepler, 1949). The hematological measurements were all completed
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in the field within a few hours after the samples were obtained. The follow-
ing analyses were made according to procedures described in WADC TR 53-484,
Part 1: (1) white blood cell count, (2) differential leukocyte count, and
(3) hematocrito

Reticulocyte Count. The dry preparation method as described by Ham (1952)
was used for reticulocyte counts. The glass slide rather than the cover glass
method was employed. A total of 1,OOO RBC were counted and the reticulocytes
were expressed in per cent.

Erthyocyte Sedimentation Rate. Blood was received and E.S.R. determina-
tion started within an hour of the time blood had been drawn. Wintrobe tubes
(I.D. 3mm) were filled with blood, placed in the rack, and then put into a water
bath kept at 100OF ± 10. The level of the erythrocytes was read and recorded
every 10 minutes for one hour. The greatest difference between any two ten-
minute readings was selected as the maximum E.S.R. The Wintrobe tubes were
placed in an angle-head centrifuge and centrifuged for one hour at 3170 R.P.M.
The hematocrit was then read and recorded. Corrected E.S.R. was determined
from the nomogram prepared by Rourke and Ernstene (Cons olazio, Marek, and
Johnson, 1951).

The effect of temperature on the erythrocyte sedimentation rate has been
known for some time (Nichols, 1912). The temperature of the laboratory during
the 1954 winter study was uncontrolled, and to this fact was attributed the
erratic behavior of the E.S.R. (Sargent et al., 1955). In the present inves-
tigation, in order to eliminate this variable, all determinations were made
at the same temperature. The temperature in the field was expected to
approach 100OF; so 100°F was arbitrarily selected as a bath temperature which
could be maintained throughout the test period.

2. Blood Chemistry

Venous blood was collected with a minimum of stasis for all chemical
analyses. For glucose the blood was delivered into screw-capped vials contain-
ing dried double oxalate. For all other analyses, the serum was collected
after centrifuging clotted blood. The serum was transferred to screw-capped
vials which were shipped to the University by the courier system described
earlier in this report. The vials were stored as described above in the section
dealing with specimens.

The following analyses of serum were conducted according to procedures
detailed in WADC TR 53-48h, Part 1: calcium, sodium, potassium, chloride,
inorganic phosphate$ amylase, and cholinesterase. Serum alkaline phosphatase
was not estimated. Whole blood glucose and serum creatinine were measured
according to the procedures described in WADC TR 53-4184, Part 2.

Freezing-Point Depression. The freezing-point depression of serum was
measured with the Fiske Osmometer. The device was calibrated with standard
solutions of NaCI prepared according to directions published by the company.
The concentrations were adopted from the International Critical Tables.
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Serum Urea Nitrogen (Consolazio, Johnson, and Marek, 1951). Serum col-.
lected during the summer tests was analyzed for serum urea nitrogen, not for
non-protein nitrogen. This decision was made so that it would be possible to
calculate urea clearance and to study the relationship between the concentra-
tions of urea in serum and in sweat.

* Serum Total Cholesterol. Because of our experience with the anthrone pro-
edure of Feichtmeir and Bergerman (1953) in 1954-1955, we abandoned this pro-

cedure and returned to the analytical method followed in 1953. The details of
this procedure have been given in WADC TR 53-484, Part 1. Esters of Choles-
terol were not measured.

3. Urine Chemistry

The following measurements were made on the pooled specimens: total nitro-
gen, calcium, phosphorus, sodium, potassium, and chloride.

The following measurements were made on the two-hour urinary specimens:
freezing-point depression, creatinine, creatine, pH (electrometric), titrable
acidity, 17-ketosteroids, and urea nitrogen. On the exercise urinary specimens
the freezing-point depression, creatinine, creatine, and urea nitrogen were
measured. No chemical analyses were made on the post-exercise urinary speci-.ens.

Special Urinary Specimens. As discussed in the section on "Collection and
Preservation on Specimens", three specimens of undiluted urine were collected
in connection with each of two measurements of body water by deuterium oxide.
Each of these specimens was analyzed for D2 0 by the "falling drop method"
described in detail in Appendix I of WADC TR 53-484, Part 2.

Special aliquots were prepared from the three-hour test urine, the basal
urine of the water diuresis test, and a pool of the four-hour specimens col-
lected during the water diuresis test. These aliquots were treated according

o the following procedure: 5 ml of urine were transferred to screw-capped
irials containing sufficient glacial acid to bring the pH to approximately 4.0.

The vials, after thorough mixing, were promptly frozen with dry ice. The
frozen vials were stored in a deep-freeze facility available in Edinburg,
Indiana. These frozen vials were later transported to the Aero Medical Labora-
tory where they were analyzed for anti-diuretic hormone (ADH) after the method
of Clarke, Zuidema, Minton, and Reeves (Appendix I).

Aliquots for ADH were only collected from a few subjects. The purpose
of these assays was to further investigate why subjects on limited water and
pure carbohydrates diurese as abundantly as a subject on a similar regimen but
with unlimited water. We, therefore, selected four subjects from Flights I and
2 for study. Two of the subjects subsisted on 0/100/0 2000, the other two, on
15/52/33 2000.

4. Urinalysis

S Qualitative tests were made on the three-hour resting, the exercise, the
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post-exercise, and the diluted daily urinary specimens according to procedures
described in WADC TR 53484., Part I: albumin, glucose, urobilinogen, and
ketone bodies. the sediment of the three-hour, exercise, and post-exercise
urinary specimens was studied quantitatively by a modification of the method
of Addis (Sargent et al., 1954).

5. Analysis of Feces

The qualitative and quantitative procedures detailed in WADC TR 53-484,
Part I, were followed: fecal fibers, occult blood, total nitrogen, calcium,
phosphorus, potassium, and total fecal fat. Fecal sodium and chloride were not
measured for they are present in negligible amounts (Sargent et al., 1954).

6. Analysis of Sweat

The glove sweat collected during the one-hour march was subjected to both
qualitative and quantitative analyses. The qualitative analyses were: glucose,
albumin, and ketone bodies. The sediment was examined microscopically according
to the standard procedure of urinalysis. Quantitative determinations were:
freezing-point depression, sodium, potassium, chloride, creatinine, and urea
nitrogen.

7. Liver Function

The battery of liver function tests was quite comparable to that used in
the 1954 winter study. The measurements used to appraise liver function were:
serum cholinesterase, serum total cholesterol, fasting blood sugar, color of
feces, and clinical examination. The rationale has been discussed in WADC TR
53-484, Part 1.

8. Renal Function

The function of the kidney was appraised by means of urinary volume,
creatinine clearance, urea clearance, osmotic clearance, urine/serum osmotic
ratio (U/S ratio), serum urea nitrogen, serum creatinine, modified Addis count,
and urinalysis. The procedures used, the calculations made, and the rationale
for these functional tests have been discussed previously in WADC TR 534184,
Parts I and 2.

9. Endocrine Functions

The measurement of the functional changes of the endocrine glands is an
integral part of the methodological armamentarium of an investigation of stress.
Two general types of procedure are available. (1) A fragment or metabolite of
an original hormone or the hormone itself may be measured in a biological fluid,
such as blood, urine, or feces. The method may be either chemical or biological
(bioassay). (2) A process or function known to be, at least in past, regulated
by the activity of an endocrine may be quantitated so that inferences may be
drawn regarding the functional activity of the endocrine gland. Both types of
approaches were employed in this investigation, and in general they did not
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differ from those described previously in WADC TR 53-484, Parts 1 and 2.

The following measurements and analyses were made to serve as a basis for

deducing functional changes in the endocrine glands: total urinary 17-ketos-
teroids; anti-diuretic hormone; serum sodium, potassium, calcium, inorganic

*phosphate, cholesterol, and amylase; blood glucose; resting metabolic rate;
ledifferential leukocyte count for neutrophils, lymphocytes, and eosinophils;
water tolerance test; and urinary creatine.

The methods of analysis have been discussed elsewhere in this report. Two
changes were made from the 1954 winter study. Serum alkaline phosphatase was
omitted. Special urines were collected for measurement of anti-diuretic hormone
by a bioassay. The reasons for measuring ADH have been mentioned above.

H. RESPIRATORY FUNCTION

1. Resting Metabolism

Resting metabolism was measured with the same apparatus that was used in
the 1954 winter study. A considerable amount of further validation of this
apparatus was conducted prior to the summer test, and we felt on the basis of
these studies that the instrument should operate satisfactorily. A full dis-. cussion of the calculation of instrumental factors and validation of the pro-
cedures used will be found in Section III: Results, and in Appendix I:
Methods. As in our previous investigations, we studied the subjects in a rest-
ing ccndition rather than in the more conventional basal state. The justifica-
tion for this procedure has been discussed in detail in previous reports (Sar-
gent et al., 1954-1955).

2. Hyperventilation Test

At the completion of the measurement of resting metabolism, a test was
made of the ability of the subject to hyperventilate maximally. This proce-. dure, which involves maximal expiratory effort for a period of 15 seconds, has
recently been recommended by a number of investigators as an excellent index of
pulmonary function. The rationale for this procedure will be included later
with the results (Section III).

3. Respiratory Rate

The respiratory rate was measured during the course of two different tests.
While the resting metabolic rate of the subject was being obtained, a count of
the number of respirations per minute was made and recorded. A second count of
the respiratory rate was made during the course of the three-hour test.

I. CARDIOVASCULAR FUNCTION

1. Blood Pressure
A

Blood pressure was measured with the mercury manometer and stethoscope
according to standard clinical practice. Measurements were made with the sub-
jects in two postures during the three-hour test: (1) after at least 15 minutes
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of reclining flat on the back (Figure II. 17) and (2) after one or two minutes
of standing at attention (Figure II. 18). The standing measurements were added
to the procedures followed in previous ration studies in order to make judge-
ments on the development of such syndromes as heat syncope and heat exhaustion.
A characteristic finding of these conditions is the development of orthostatic
hypotension. At the time of measuring blood pressure the observer noted any
clinical changes such as pallor, sweating, dependent cyanosis, or complaints of
light-headedness, dizziness, and syncope. If the subject did faint, he was
placed in the shock position. When recovery was achieved, the test was repeated.

2. Pulse Rate

The radial pulse was counted by palpation with the subject in the reclin-
ing and standing positions described above (Figures I. 17 and II. 18). A 15-
second count was multiplied by four to give the pulse rate as beats/minute.

The pulse rate was also counted in the sitting position at the beginning
and immediately at the end of the march of the heat acclimatization test. Here
a 30-second count was made by palpating the carotid or brachial artery; the pulse
rate as beat/min was then calculated.

3. Electrocardiogram

With the subject reclining during the three-hour test, the electrocardio-
gram was taken using only the three standard limb leads. Considerable diffi-
culty was encountered with this procedure. In spite of repeated attempts to
maintain adequate grounding of the apparatus, many records were invalidated
because of 60-cycle interference. This result obtained whether a battery
operated Sanborn Instomatic Cardiette or a line-operated direct writing Sanborn
electrocardiograph were employed. Our only explanation is that these devices
may not function properly in barracks during humid weather. No such trouble was
encountered in the 1954 winter tests when the Sanborn Cardiette was used in a
similar building either at Chanute AFB or Camp McCoy.

J. CENTRAL NERVOUS SYSTEM

The same procedures were followed as previously described by Sargent et alo
(1955).

K. BODY COMPOSITION

Two techniques are available for studying changes in body composition:
(1) direct measurement and (2) calculations from nomograms and empirical formu-
lae. The latter are no more valid than the assumptions made in setting up the

FIGURE II. 17. MEASUREMENT OF RECLINING BLOOD PRESSURE. LEFT TO RIGHT- S/SGT.
C. DE ROUEN, S/SGT. P. PADOVANO, AND VOLUNTEER AIRMAN.

FIGURE II. 18. MEASUREMENT OF STANDING BLOOD PRESSURE. LEFT TO RIGHT (FORE-
GROUND). MR. N. SPERELAKIS, A/3C P. R. BERRY, AND DR. F. SARGENT, II .
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empirical formulae. The applicability of these assumptions to metabolic inves-
tigation is limited, for frequently the empirical ccnditions are not similar.
The lack of fully validated broadly applicable procedures for studying changes
in body composition is one of the most serious deficiencies of metabolic re-
search generally. In so far as the present report is concerned, little use
will be made of these empirical formulae.

1, Body Weight

The body weight of each subject was measured after passing the first morn-
ing urine and before eating breakfast. All weighings were made by members of
the technical staff. The subjects, clothed only in shorts and "T" shirt, were
weighed on a scale sensitive to the nearest ounce. The daily weights were con- '

verted to the nearest 0.1 kg by dividing the weight in pounds by 2.2.

2. Body Water (Deuterium Oxide Space)

The principal and rationale for using heavy water to measure the total body
water of a man, has been discussed in considerable detail in WADC TR 53-1184,

Part 2. In general, we followed the same procedures detailed in that report.
The chief variation was the administration of larger oral doses of heavy water
in the two tests (Figure II. 19). In the first we gave 60 gm. and in the second
40 gm (Table II. 21). Because of the epidemic the procedure for measuring the

TABLE II. 21

PROTOCOL OF DEUTERIUM OXIDE TEST FOR BODY WATER
Apparatus:
I* Heavy water in IOO-ml ampules x 100.
2. 1 lined "Jerry"# can with tight lid.
3. 2 500-iml graduates.
h. 1 large plastic funnel.
5. Distilled water.
6. 2 plastic pitchers, 2-qt. capacity.
7. 2 250-ml graduates.
8. Canteen cups,
9. Three large dish pans.

Procedure:
I. On Day 12 (PRE II) all subjects will void and turn in at the Specimen

Receiving Station their gallon cans before supper. The voiding time
will be recorded. A fresh gallon can will be issued. This can will
be labelled "Pre-D2 0".

2. On the evening of this day, oral doses will be prepared. Each sub-
ject will be given 60 gm of deuterium oxide in 150 ml of water on
Day 13.

3. Before breakfast on Day 13 (PRE II) the "Pre-D20" specimens will be
collected and the subjects will be issued a gallon-can labelled "tD2 0. ,
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FIGURE II. 19. ADMINISTRATION OF ORAL DOSE OF HEAVY
WATER. LEFT TO RIGHT: DR. R. E. JOHNSON, MR. N.
SPERELAKIS, A/3C P. F. APPLEBY (DRINKING), A/3C T. E.
EWING, AND A/3C B. F. HOLLEY.

TABLE II. 21 (Continued)

4. Prior to breakfast each subject will drink from his canteen cup 60 gm
of deuterium oxide in 150 ml of water. This canteen cup will be re-4 tained for use at breakfast.

5. Before supper the subjects will void into their gallon cans. The time
of voiding will be recorded. These cans will be turned in at the
Specimen Receiving Station and fresh cans will be issued. These cans
will be labelled "Post-D2 0".

6. The "Post-D2 0" specimens will be collected on the morning of the Water

Diuresis Test (Day 14, PRE II).

7. On Day 26 (EXP II) step 1 will be repeated.

8. On the evening of this day, oral doses will be prepared. Each sub-
ject will be given 40 gm of deuterium oxide in 150 ml of water on
Day 27.

99. Before breakfast on Day 27 (EXP II) step 3 will be repeated.
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TABLE II. 21 (Continued)

10. Prior to breakfast each subject will drink from his canteen cup

40 gm of deuterium oxide in 150 ml of water. This canteen cup
will be retained for use at breakfast.

11. Before supper on Day 27 step 5 will be repeated.

12. The "Post-D2 0" specimens will be collected on the morning of
the Water Diuresis Test (Day 28, EXP II).

13. Special sample which must be collected. After the D2 0 dilutions
have been prepared, set aside two 25-mi specimens in one-oz.
brown bottles. Label D2 0-DOSE PRE II or EXP II, as the case may
be.

body water in EXP II had to be modified somewhat from that described in the
table beginning with step 7. The "tPre-D2 O"1 specimen for Flights 1 and 2 was an
aliquot taken from the urine collected between 0530 and 1600 hours on Day 23.
The D2 0 specimen was an aliquot taken from the three-hour test urine. The dose
of D20 was given in place of the regular priming dose described in the protocol
for the three-hour test (Table III. 28). The "Post-D20" specimen was the urine .

passed from the end of the three-hour test up to 0530 on Day 24. In the case
of Flights 3 and 4, the "Pre-D2 0" specimen was an aliquot taken from the 24-
hour urine collected on Day 23. The "D20" specimen was an aliquot taken from
the urine passed between the end of the three-hour test and 2100 hours, Day
24. The "D20"1 was administered in place of the priming dose of the three-
hour test in exactly the same fashion as described for Flights 1 and 2. The
"Post-D2 0" specimen was collected from 2100 hours, Day 24, to 0530 hours, Day
25.

3. Water Diuresis

In previous reports we have discussed in detail the rationale for the con-
duct of the water diuresis test. The protocol for the test as used in the
present investigations is detailed in Table II. 22. This test was conducted in

TABLE II. 22

PROTOCOL OF WATER DIURESIS TEST
Equipment:

I. 6 I-liter pharmaceutical graduates.
2. 100 tin cans with 2000-ml capacity.
3. 500 tin cans with 500-ml capacity.
4. 4 500-ml graduated cylinders.

Procedure:
1. The subjects will drink all their water allowance on the day prior

to the test by 1800.

2. They will void at 0630 in the morning completing their 24-hour period.

3. They will receive no breakfast. They will eat 50% of calories at
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TABLE 1I. 22 (Continued)

lunch and supper.

h. They will be handled by major groups of 25 men plus two observers
each.

.5. Each group will report to the assigned station at 0700.

6. They will recline during the entire test period and they will not

be permitted to smoke.

7. At 0800 they will void into appropriately labelled cans (500-ml
capacity). The voiding will be "by the numbers".

8. The oral dose of water will be administered between 0800 and 08h5,
the load having been prepared for each subject ahead of time: (Wt
(lb) on day prior to test) x (9.1 ml/lb = (Total Water Load).
These loads will be placed in cans of 2000-ml capacity labelled with
subject's code number. The load will have been consumed within the
period.

9. They will void into separate labelled containers at 0900, 1000,
1100, and 1200. Voidings will be "by the numbers".

10. After voiding at 1200 (or 1600 in EXP II) they will receive their
gallon cans and then report to the mess hall.

11. The remainder of the 24-hour urine will be collected in the gallon-
sized cans as usual and its volume measured.

Disposition of Specimens:
1. The volume of urine in the five specimens will be measured and re-

corded on the appropriate form (Appendix VI). The specimens will
* then be discarded.

2. The volume of urine in the gallon cans will be measured and recorded
on the appropriate form as well as the "Water Diuresis Test" form.
This urine will not be included in the 7-day pool.

Records:

T1.The times of voiding beginning at 0630 will be recorded.

2. The oral load will be recorded.

3. The several volumes of urine will be recorded.

h. The calculations indicated will be completed.

essentially the same fashion as in the 1954 winter test in PRE I, PRE II, EYP. I, and REC I. We had planned to conduct a double water diuresis test in EXP
II, but circumstances did not allow us to do so. The method of calculating
REC was the same as that described in WADC TR 53-484, Part 1.
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4. Body Fat

The percent body fat and the kilograms of body fat were calculated from
measurement of the skinfold thickness as discussed by Sargent et al. (1954).
AlI the measurements were made by the responsible investigators. This proce-.
dure was adopted because, in our experience, there is so great an interindivi-
dual variability in performing the measurement of the skinfold thickness as to
invalidate the results when more than one operator measures.

Prior to beginning the experimental period and at the end of the experi-
mental period, two photographs were taken (front view and profile) of each sub--
ject. These photographs were used to appraise qualitatively the loss of body
tissue caused by the several experimental regimens. Examples of these altera-
tions will be given in Section III.

L. hEAT ACCLIMATIZATION TEST

l. The Protocol

In order to study the heat tolerance of men subsisting on a variety of
nutrient mixtures and restricted water, it was necessary to design a test which
would differentiate between the various experimental regimens. This test had to
take the form of a "standard work stress" which would clearly differentiate be-
tween a mants ability to do work while subsisting on various experimental regi-.
mens in hot weather, and yet, the test could not be so severe that it would be
impossible for all the men to complete. It also had to be designed so as to be
workable for a large group. of subjects in a limited amount of time. The test, as
designed, was termed the "heat acclimatization test" and consisted of a one-hour
paced march at the rate of 3.75 m.p.h.

The measurements selected for the heat acclimatization test were those
which were believed to be the most easily obtainable in the short time allotted
for the testing of each subject-fifty men were to complete the test in the
course of one afternoon--and yet furnish data which would significantly differ-.
entiate between the physiological effects of the experimental regimens including W
the limitation of water. The protocol detailed in Table II 23 was found to be
quite workable and was used five times during the 36-day period of study at
Camp Atterbury.

This prof.ocol was based on the concepts of Ladell (1951) for assessing
"group acclimatization." A standard work load in a standard hot environment was
imposed and from the observations made an acclimatization index was calculated.
This index was the ratio of the sweat loss (adjusted to a standard body weight
and surface area) in ml per 80 minutes to the increment of the rectal temperature
in 80 minutes. The present test was patterned after Ladell's so that we would
have some basis for making judgments regarding the heat tolerance of our sub-
jects. Under field conditions we did not anticipate that we would achieve uni-
formity of ambient environmental conditions but we felt that if the weather did
continue reasonably hot throughout the study, considerable useful data might
accrue.
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Our original plan for the test was found to be workable on two subjects
tested at the University of Illinois. When a dry run was made on five subjects
at Camp Atterbury, the results indicated that the protocol would require con-
siderable modification. The alterations involved principally order of measurement
and physical arrangement of the equipment required. A modified plan was evolved

n�nd a second dry run proved that it was workable (Table II. 23). In brief, the
4Fibjects rinsed their forearms in distilled water and then filed into a latrine

TABLE II. 23

PROTOCOL OF THE HEAT ACCLIMATIZATION TEST
Apparatus:
1. Scales for weighing subjects.
2. Pint cans with screw caps x 4 per subject.
3. Sargent Thermistor Thermometer mounted rolling table.
h. Thermistor for measurement of skin temperature.
5. Thermos devices with standard thermometers.
6. Elastic bands for rubber gloves.
7. Leeds-Northrup potentiometer with internal reference standard.
3. Selector switch for five rectal thermocouples.
9. Five thermocouples for measuring rectal temperature.

10. Basin with disinfectant for rectal thermocouples.
11, Elbow length rubber gloves x 2 per subject; gloves must be rolled.
12. Watch with sweep-second hand.
13. Metal funnels x 50.
l4. Four-ounce bottles with screw caps for sweat x 2 per subject.
15. Distilled water.
16. Sling psychrometer (wet and dry bulb).
17. Anemometer.
18. Five pans for sweat-filled rubber gloves.

Spare Parts:
I. Batteries for Leeds-Northrup potentiometer.. 2. Leeds-Northrup potentiometer with internal reference standard.
3. Thermocouples and thermistors for measuring skin temperature.
4. Thermometers for sling psychrometer.
5. One dozen rectal thermometers.
6. Lubricant (water soluble oil).

Procedure:
l. Subjects will be studied by flights on afternoons of the days they

have the three-hour test. One flight at a time will be investigated,
the total time being 3 hours; forty*-eight hours prior to test, sub-
jects will shave arms.

2. Subjects will be dressed in socks, underpants, T-shirt, cap and will
wear brogans.

3. The flight will report to the three-hour test room, wash arms in dis-
Stilled water in latrine, dry with paper towel, and each man will
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TABLE II. 23 (Continued)

occupy one bed. A group of five beds will be arranged in a penta-
gon with rectal thermocouples centrally located on a table in the
center of the pentagon, and the first five subjects will start on
those beds.

4. They will void into gallon cans and time will be noted.

5. In groups of five, the subjects will disrobe completely and will be
weighed to the nearest 30 gm (1 oz). Numbered rubber bands will be
placed high on right arm after weighing.

6. They will don their clothes and sit on the pentagon of beds, fac-
ing outward.

7. They will lie in enema position, facing outward. Rectal thermo-
couples will be installed, and the rectal temperature measured
(one minute or until equilibrium is reached).

8. The rectal thermocouples will be removed, and the subjects will sit

on the bed, facing outward.

9. Rubber gloves will be installed on both arms.

10. Pulse rate and skin temperature (right arm) will be measured. (Pulse
rate for 30 seconds, carotid artery or brachial artery; skin tempera-
ture under glove, dorsal aspect of right forearm, midway between
elbow and wrist; skin temperature above glove on dorsal aspect of
right upper arm).

Ui. A rubber band will be placed around upper end of each glove; use
numbered band and one additional band for left arm.

12. Subjects will march 15 quarter-mile laps at 3.75 m.p.h., paced by
flight leaders. Four minutes will be allowed for each lap. An
attending physician will be observing subjects at all times.

13. Five more subjects will go through steps 2-12.

14. Subjects, after march, will march to bed and sit down, facing out-
ward.

15. Pulse rate and skin temperature will be measured as in step 10.

16. Gloves will be removed, sealed with numbered rubber bands and laid
on bottom of pan under bed, hand-end in pan, arm over edge. (Two
observers, one holding fingers, the other stripping the glove, will
be needed.)

17. Subject reclines as in step 7 and rectal temperature is measured.

18. Rectal thermocouple is removed, and subject moved to bed in rear of
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FIGURE II. 20. WEIGHING A SUBJECT BEFORE THE MARCH.
LEFT TO RIGHT: A/3C J. W. HAMILTON (DRESSED FOR PHOTO-
GRAPH) AND T/SGT R. R. JOHNSON.

TABLE II. 23 (Continued)

room.

19. Body weight will be measured as in step 5.

.20. Subjects will urinate as in step 4, but into a pint can, time
being noted. Specimen "EX-U."

21. They will rest on a bed for one hour and then void into another
pint can. Specimen "Post-Ex U." If they cannot void, carry a can
until they do, and note time.

22. Measure wind velocity and wet- and dry-bulb temperatures every 30
minutes during the two-hour test period.

and voided. After voiding, they were assigned to a bed where they undressed.
They were weighed nude (Figure II. 20). They then redressed and in groups of
five were tested on the pentagon of beds. There measurements were made on
pulse rate, skin and rectal temperatures, and the elbow-length gloves were
put on (Figures II. 21, II. 22, and II. 23). These procedures consumed six
to eight minutes. When one group of five had moved out to the marching. course, a second group of five came to the pentagon of beds, and so on until
all members of the flight had been tested. During the march the groups were
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FIGURE II. 21. COUNTING THE PULSE RATE. LEFT TO
RIGHT: A/3C B. F. HOLLEY AND T/SGT. R. R. JOHNSON.

staggered by two laps so that ample time would be available for completing
measurements at the end of the march. At this time, the men went through the
above procedures in reverse. After moving from the pentagon of beds, they un-
dressed and were again weighed nude. They dressed and voided and then went to
their barracks for an hour's rest* At the end of that hour they voided again.

2. The March

The subjects wore only shorts, socks, and brogans during the march; caps
and light T-shirts were optional (Figures II. 21 and II. 24). The course was
cne-quarter mile long. About 50% of the time the subjects were protected from
the sun by shade trees (Figures 11 2h and II. 25). Each lap was paced at four
minutes. The subjects were expected to complete 15 laps walking at 3075 re.pbh.
The pacing was done by the flight leaders. At all times there was a medical
officer on duty to care for possible casualties. Intravenous saline was on
hand in case management of heat incapacitation required it.

3. Instrumentation

Sweat Loss. Body weight was measured before and after the march. The
difference expressed as gm/hr was assumed to equal the sweat loss in mi/hr
(Robinson and Robinson, 1956). Body weights were measured on a Howe scale
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sensitive to 30 gm.

Skin Temperature. Skin temperature was measured with a Sargent Thermis-
tor Thermometer. The device was calibrated against standard thermometers prior
to each run. Since the use of the thermistor is a relatively new one in en-
vironmental physiology, some comment on its principle and on its reliability

.n our hands is perhaps warranted*

Principle and properties of thermistor thermometry (Becker, Green, and
Pearson, 1946): Thermistors are thermally sensitive resistors with high nega-
tive temperature coefficients of resistance. The following are representative
of the order of magnitude of resistance changes:

Temperature (0 C) Resistance (ohms)

0 145,000
25 h6,ooo
50 16,000
75 6,700

100 3,200

The thermistors are manufactured from such semi-conductors as mixtures of
C anganese and nickel oxides or mixtures of oxides of manganese, nickle, and

Wobalt. In operation a very small current is passed through the resistor so
that heating is negligible. Under these conditions the resistor obeys Ohm's
Law. With continued use the resistor "ages." Most of the aging takes place
with the first week. With subsequent use (and after pre-aging) thermistors
increase in resistance about 0.2% per year. For the thermistor thermometer
this means a change of temperature of 0.050C. Thermistors mounted in an evacu-
ated tube or coated with a thin layer of glass age less than 0.2% per year. (The
thermistor probe of the Sargent device was encased in glass.) A well aged
thermistor will maintain an accuracy of 0.010C. Changes in resistance are
measured on a Wheatstone bridge*

* Validation: Several limitations to the Sargent Thermistor Thermometer were
discovered when this device was validated. First, we checked the manufacturer's
claim that there is a linear relation between amperes and temperature. We stand-
ardized (Appendix I) the instrument for ranges of 800 to 120'F and 900 to 1100 F.
Absolute linearity was not confirmed. The deviations were greater when the
instrument was standardized for the range 800 to 120°F than for 900 to 110OF
(Tables II. 2h and I1. 25). Second, we found that several thermistors had
slightly different properties. If the instrument was adjusted with one thermis-
tor, considerable readjustment might be required when a second thermistor was
attached. Furthermore, deviations from linearity varied from thermistor to therm-
istor. These observations indicated that thermistors were not interchangeable.
In the event of breakage, the device would have to be recalibrated against stand-
ard thermometers. Since there was not always a linear relation between current
and temperature, it would be necessary to translate current readings into temp.
erature from a calibration curve prepared before each use. Experience confirmed
the impression that a more linear relationship held for the smaller range and thus
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FIGURE II. 22. POTENTIOMETER AND THERMOCOUPLES FOR
MEASURING RECTAL TEMPERATURE.

FIGURE II. 23, MEASURING SKIN TEMPERATURE OF SUBJECTS ON
PENTAGON OF BEDS. LEFT TO RIGHT: A/2C J. W. BAYLISS,
MR. R. A. HUNTLEY, lILT. R. C. SMITH, JR., A/3C P. R. BERRY,
AND A/3C D. P. THOMAS.

FIGURE II. 24. SUBJECTS OF FLIGHT 2 DURING MARCH.

FIGURE II, 25. SUBJECTS OF FLIGHT 3 DURING MARCH.

0
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TABLE II. 2h

VALIDATION I. TYPICAL RESULTS OF STUDY
WITH THERMISTOR THERMOMETER STANDARDIZED FOR RANGE 800 - 12O0OF

Thermistor and thermocouple compared with standard thermometer, each simul-
taneously inserted to equal depths in a thermos bottle; temperatures in OF.

Standard Thermistor Leeds-Northrup
Thermometer Thermometer Thermocouple

6010 6O01 6O00

85.0 85.2 84.9
90.0 90.8 89.9
95.0 96.2 95.2

IO0.C 0lo0h 99.8
105,0 106.2 105.3
110.0 110.8 109.3
115.0 115.8 114.9

?20.O 120.0 119.9

Comment: Note lack of linearity between thermistor temperatures and temper-
atures registered on standard thermometer. The thermistor temperatures were
calculated on the assumption of linear relationship such that 0.5 microamps
was equivalent to l.0 0 F.

TABLE II 25

VALIDATION II* TYPICAL RESULTS OF STUDY
WITH THERMISTOR THERMOMETER STANDARDIZED FOR RANGE 900 - 110OF

Thermistor and thermocouple compared with standard thermometer, each simul-
taneously inserted to equal depths in a thermos bottle; temperatures in OF.

Standard Thermistor Leeds-Northrup
Thermometer Thermometer Thermocouple'

90.0 90.0 6909
95.0 95.0 94.9
100.0 1000. 99.9
105.0 105.0 l0h.9
1100 110.0 109.9

Comment: Note linear relation between thermistor and temperatures re-
corded on standard thermometer.
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TABLE 11. 26

VALIDATION III. TYPICAL RESULTS OF STUDY
WITH THERMISTOR THERMOMETER STANDARDIZED FOR RANGE 800 - 120OF

Skin temperatures of several sites measured with Sargent Thermistor Ther-O mometer and Leeds-Northrup thermocouple.

Skin Temperature (OF)
Skin Site Thermistor Thermocouple
Forehead 91.2 92.6
Chin 92.2 93.4
Forearm 91.6 92.2
Neck 93.9 94.8

Comment: Thermistor values average 1.00 lower than thermocouple
values,

TABLE If. 27

VALIDATION IV. TYPICAL RESULTS OF STUDY
WITH THERMISTOR THERMOMETER STANDARDIZED FOR RANGE 900 - 11O0F

Skin temperatures of several sites measured with Sargent Thermistor Ther-
mometer and Leeds-Northrup thermocouple.

Skin Temperature (OF)
Skin Site Thermistor Thermocouple
Forehead 93.0 .. 2e"
Chin 93.3 93.1
Forearm 92.3 91.9
Thigh 92.2 91.8
Neck 94.8 94.4

Comment: The thermistor values average 0.3 F above the thermocouple
values.

all standardizations were for 900 to 1100F. Furthermore, once the instrument
was standardized, it was stable for at least one week.

When the instrument was standardized and temperatures read from a calibra-
tion curve, there was reasonable agreement between the Sargent instrument and

4r a Leeds-Northrup portable potentiometer equipped with a thermocouple for measur-
ing skin temperature. The agreement was better for the standardization range

0 0- 1 0 F than 800 - 120°F (Tables II. 26 and II. 27).

Reproducibility of values was measured in three ways. First, with the
thermistor thermometer standardized for 900 to fllOF, eight consecutive read-

* ings under water in a thermos were made at 95*O0, 100.00 and 105°F (as measured
with a standard thermometer). The thermistor temperatures were +0.45-0.07o,
+0.44010.180, and +O.35°0.0090, respectively. Thus the temperature readings
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were reproducible within 0.20 F. Second, two areas, one on the upper arm and

one on the forearm of two subjects, were marked. Using a 900 - 110OF
standardized thermistor, ten consecutive readings were made in each of the
four areas. Again the reproducibility was close to 0.2 0 F. Furthermore, this

study revealed that the thermistor should gently touch the skin at an acute

Forearm Upper Am
Subject A 95.90±0.YrF- 96,6v0±0.20F
Subject B 96.3°±0.OOF 97.0 0±-0.1 0F

angle for most reliable and consistent results.

The third study dealt with the reproducibility of temperature measurements
under the glove. In one study the glove was put on. Ten consecutive readings
were taken but no special effort was made to touch exactly the same spot of
forearm skin. The mean temperature was 96.2 0 F and the standard deviation was

±0.4 0 . In a second study every effort was made to touch the same skin site*
The mean temperature was 96.1 0 F; the standard deviation was ±0.20. Since in
actual practice, the same observers always measured skin temperature, it is
probable that approximately the same skin site was touched from time to time
and from subject to subject.

In summary, then, it would seem reasonable to conclude that the Sargent
Thermistor Thermometer in our hands could be expected to yield results reliable
within 0.2 0 F. This level of reproducibility for the measurement of skin temper-
ature agrees closely with similar data from the literature. See, for example,
the reports of Stillwell, Hemingway ayd Kottke (1955), Stoll and Hardy (1949,
1950), and Whyte (1951).

Rectal Temperature. The rectal temperature was measured with a Leeds-
Northrup rectal thermocouple attached to a direct reading portable potentio-
meter. The rectal thermocouple was inserted to a depth of five centimeters
and held in place for one minute or until a stable reading had been obtained.
This depth is one to two centimeters short of the depth recommended by Benedict
and Slack (1911) and Mead and Bonmarito (1949) for maximum rectal temperatures.

In actual practice, five thermocouples were connected to the potentiometer
through a selector switch. When compared to a standard thermometer, the rectal
thermocouples placed under water in a thermos each consistently read 0.2 0F low.
Since the standard thermometer had a stem correction 0.3 0 F, the rectal temper-
ature readings were all increased by 0.5°F.

Ambient Weather. A meteorological observer made measurements every 30
minutes during the march of a single flight. He was stationed in the approxi-
mate center of the oval course. A sling psychrometer was used for measuring
the wet- and dry-bulb temperature and a wind-mill anemometer exposed at a
height of five feet for measuring air motion. A total of four readings were
taken during exposure of each flight--this because the flight represented
staggered groups of five subjects each--and the average values were used as most
representative of weather existing at that particular period. Notes were also
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made on the state of the sky and amount of precipitation.

4. Sweat

Sweat was collected in clean elbow-length rubber gloves placed on both
arms of each subject at the beginning of the test. The upper ends were closed
with rubber bands, At the completion of the test the gloves were carefully re-
moved so as not to spill the sweat. The accumulated material from both gloves
was pooled in a four-ounce bottle. From the volume the glove sweat rate was
calculated as ml/hr. During each test one glove was attached to the belt of a
subject; this glove contained about 25 ml of distilled water. The procedure
provided an adequate glove blank. The blanks and the sweat samples were
subjected to an extensive battery of morphological and chemical analyses.

M. CLINICAL OBSERVATIONS AND METHODS

Each subject was given four complete physical examinations. The first
examination was conducted just before the beginning of the pre-period; the other
three examinations were conducted at the end of each of the three phases of the
test. All examinations were made by the medical officer assigned to the flight.
The examinations were conducted according to standard procedures of physical
diagnosis (e.g., Pullen, M19,). Relevant histories were obtained at the same

ltime. The observations were noted on special forms designed for the winter
trials (Sargent et al., 1955, Volume II, Appendix VI).

Daily progress notes were maintained by the medical officers on the sub-
jects in their flights. These notes documented both spontaneous and elicited
complaints with reference to the health and well-being, physical and psycho-
logical, of the subjects, together with observations of the medical officer
on the condition of the subjects individually or as a group.

Medication was given to the subjects as indicated and every effort was
made to keep the use of medicaments for symptom relief to a minimum. Anti-.biotics were used for the management of upper respiratory infections and pul-
monary infections, terpin hydrate for coughs, and kaopectinate and paregoric
for diarrhea. An occasional subject required treatment with adrenal cortical
preparations. A number of the men who became ill with serious infections of
various sorts were also given appropriate intravenous fluids. Diagnostic pro-
cedures and hospitalization either at the field Sick Bay or in a military or
civilian hospital were employed as circumstances so dictated. The case histor-
ies of the 100 subjects are given in Appendix III.

0. COMBINED TFSTS

Because of the large number of subjects to be tested, it was necessary to
devise systems for obtaining rapidly and accurately the desired metabolic and
functional information. The many procedures described in the preceding pages
were grouped into several tests, which we have called "combined tests." The
protocols for these tests, as they were successfully employed during the swmmer.trials, are discussed in the paragraphs to follow.
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1. Three-Hour Test of Organic Function

The protocol for this test is detailed in Table II. 28 and represents
a modification of a similar procedure used in the 1954 winter test.

TABLE II. 28

PROTOCOL OF THREE-HOUR TEST
Apparatus.

lI 1O0 paper cups with four-ounce capacity.
2. 100-ml graduate x 2.
3. 200 50-ml centrifuge tubes with rubber caps.
4. 100 oxalated vials with screw-caps.
5. bi00 30-ml syringes, clean, dry, sterile.
6. 200 sterile 19-gage needles in constriction tubes.
7. 200 pint cans with screw-capped closure.
8. 100 metal funnels.
9. Rubber tourniquets.

10. 70% ethyl alcohol.
11. Sterile sponges (2 x 2" cheese cloth).
12. 1 sphygmomanometer.
13. 1 stethoscope.
14. 25 oral thermometers in ice bath.
15. Portable Instomatic Cardiette.
16. Watch.
17. Minnesota Skin Calipers for measurement of skinfold thickness.

Spare Parts:
le Oral thermometers.
2. Batteries, fuses, and loaded film magazines for cardiette.

Procedure:
1, Te subjects will be tested by flights on mornings of two consecu-

tive days each week. One flight will be tested at a time. The
subjects will be post-absorptive during the test; i.e., the men will
have had no breakfast.

2. The test will be conducted from 0600 to 0900 hours and 0900 to

1200 hours in each of the six weeks of the trial.

3. On days of this test 50% of calories will be fed at two meals.

4. Twenty-five subjects will report to test-station at the assigned
times. They will void "by the numbers" into their 24-hour specimen
containers.

5. They will recline for 30 minutes during which time the skinfold
thickness will be measured according to the method detailed in
the Appendix I.

6. The oral temperature will be measured by leaving an oral thermometer
under the tongue for five minutes. Thermometers must be issued from
ice bath and immediately replaced in ice bath before final reading.
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TABLE 119 28 (Continued)

7. The resting respiratory rate will be counted for one minute.

8. After 60 minutes, the subjects will again void into their gallon
cans. The exact time will be recorded.

9. They will drink 100 ml of water.

10. They will recline for 15 minutes.

11. While the subject is reclining, the blood pressure and pulse rate
will be measured.

12. The subjects will come to attention and again the pulse rate and
blood pressure will be measured. This test of orthostatic hypo-
tension (steps 11 and 12) will be conducted on the subjects one
at a time.

13. After steps 11 and 12 have been completed, the electrocardiogram
will be taken.

l14. When the electrocardiogram has been completed a venipuncture will
be made. With minimal stasis approximately 90 ml of venous blood
will be withdrawn.

15. Five ml of the blood will be transferred to an oxalated vial, one
drop to each of two glass slides for the preparation of a smear,
and the remainder to two 50-ml centrifuge tubes. Record the time
of venipuncture.

16. The subjects will remain reclining after these procedures have been
completed.

O17. The subjects will void at the end of 120 minutes into the labelled
one-pint cans, the exact time of voiding being recorded. If the
subject cannot void at 120 minutes he will be required to remain
at the station until he can.

18. The blood specimens and urinary specimens will be delivered to the
clinical laboratory station promptly for further processing.

Because of the frequent occurrence of rather large minute urinary volumes
observed in that test, it was decided that the subjects should report to the
testing station, void, recline for one hour, void a second time, and then
recline for two hours during which period an accurately timed urinary speci-
men would be collected. The one-hour urine was added to the regular 24-hour
volume* The results of this procedure justified our expectations. We also
measured the oral temperature to make possible detection of early hyper-
pyrexia. The final modification was measurement of standing blood pressure
and pulse rate. These measurements were made because it was thought that
heat exhaustion might develop. A characteristic of heat exhaustion is an
inability of the patient to maintain blood pressure on standing; that is,
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they develop orthostatic hypotension. In other respects, the procedure was

quite comparable to that used in the winter tests. In this three-hour period,

therefore, information was collected on (1) hematology, (2) cardiovascular

function, (3) liver function, (4) renal function, and (5) body composition.

2. Resting Metabolism Test

The protocol for this test is detailed in Table II. 29. We added one

additional measurement; viz., determination of voluntary maximal hyperventila-

tion. As in the 1954 winter test, information was also collected on (1) pul-

monary ventilation, (2) resting oxygen consumption, (3) resting R.Q., (4) sub-

ject's judgment of the passage of time, and (5) electroencephalogram. Due to

TABLE II. 29

PROTOCOL OF RESTING METABOLISM TEST
Equipment:

1.Electroencephalograph.
a. Scalp electrodes.
b. Electrode paste.
c. Spare rolls of recording paper.

2. Stop watches, two.

3. Two sets of three gas meters and accessories (see detailed instruc-
tion sheets in Appendix I).

4. Four cots, one in each of four rooms.

5. One gas meter setup for maximal ventilation.

Procedure:
lo The subjects will be taken four at a time.

2o They will not be post-absorptive.

3. Two subjects will begin test 30 minutes ahead of the other two.
Thereafter, pairs can be run continuously through the sequence
detailed below.

4. The tests will be conducted on each of two days between 0730 and
2030 hours by four teams of observers according to scheme shown

below. The same subject will be tested at the same time of day
during each of the six tests.

5. The subject will recline for 30 minutes.

6. During the first ten minutes of the rest place electrodes and
measure the passage of time. During last twenty minutes record
the electroencephalogram first on one subject and then on the
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TABLE II. 29 (Continued)

second subject.
a. Passage of time: The subject will be handed a stop watch

face down and asked to estimate the passage of time-
interval stated by the observer. When the subject is ready,
he will activate the stop watch; when he judges the stated
interval to have passed he will stop the watch and return it to
the observer face down. The time will be recorded; the watch
zeroed and returned to the subject. The subject may use any
mental device he wishes to judge the interval. He may not use
his pulse or respiratory rate. He must not be informed of his
judgments at any time. The stated intervals will be 20
seconds, 45 seconds, and 70 seconds in that order, on-trial
being allowed per interval.

SCHEME FOR CONDUCTING RESTING METABOLISM TEST

Time Team A&B Team C&D Team Working Time
0730-0830 0 0730-1230: A&C on
0800-0900 1 1 first day and B&D
0830-0930 1 1 on second day.O 0900-1000 1 1

0930-1030 1 1
1000-1100 0 1
1030-1130 1 1
1100-1200 1 1
1130-1230 1 1
1200-1300 1 1 1230-1830: B&D on
1230-1330 1 1 first day and A&C
1300-1400 1 1 on second day.
1330-1430 1 1
1400-15o00 1
1430-1530
1500-160
1530-1630 1 1
1600-1700 1 1
1630-1730 1 1
1700-1800 1 1
1730-1830 1 1
1800-1900 1 1 1830-2030: A&C on
1830-1930 1 1 first day and B&D
1900-2000 1 1 on second day.
1930-2030 1 1

b. Electroencephalogram: This will be obtained only in week
2 and week 4. The recording electrode will be attached to
the scalp above the ear. A three-minute record will be made
while the subject is resting with eyes closed, then with the
record still progressing the subject will hyperventilate for
three minutes, and finally three minutes of record post-hyper-
ventilation will be obtained. The three phases will be iden-
tified as R, H, and PH on the record together with the sub-
ject's number and the name and the data and time of the test.
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TABLE II. 29 (Continued)

7. The subject will arise and move leisurely into a metabolism room
and lie down on the cot.

8. The subject will breathe through the gas metabolism device for 2-4
minutes to flush the meters.

9. For ten minutes more, the pulmonary ventilation, oxygen consumption,
and C02 production will be measured.

10. Between minutes 5 and 6, record respiratory rate. Measure the time
for ten complete expirations by watching M2 . Compute respiratory
rate, breaths per minute, from the formula breaths/min - (60/secs
for 10 expirations) x 10. The attached table (Appendix VI) facili-
tates this calculation.

11. Record gas temperatures and station-level barometric pressure.

12. Repeat steps 9, 10, and 11.

13. At termination of second metabolism have subject move to a chair
in front of the hyperventilation gas meter setup. Record maximal
voluntary ventilation for exactly 15 seconds (See Appendix I).

lb. Subject is now sent to next station.

15. At leisurely intervals, calculate:
a. Pulmonary ventilation, liters/min, STP.
b. Oxygen consumption, ml/min, STP.
c. C02 production, ml/min, STP.
d. Respiratory quotient, C02/02.
e. Heat production, Cal/m2/hr.

16. Record all data on Resting Metabolism Summary (Appendix VI).

the epidemic which occurred principally during the experimental periods, all
measurement of resting metabolism was curtailed. Consequently, complete data
are available for only PRE I, PRE II, EXP I, and REC II1

3. Program of Testing Subjects Coming Off Experimental Diets Early

It was anticipated that some of the subjects might have to be taken off
the experimental regimens before the completion of the 14-day period. Since
this exigency might arise at any time, it was essential that a plan be avail-
able for conducting all the function tests concurrently. The plan adopted is
detailed in Table II. 30, and combines all the important steps of the water
diuresis, three-hour, and resting metabolism tests.
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TABLE II. 30

TESTING PROGRAM FOR SUBJECTS COMING OFF
EXPERIMENTAL REGIMENS BEFORE COMPLETION OF l4 DAYS

Apparatus:ep quipment required will be that detailed under Three-Hour Test,
Resting Metabolism Test, Water Diuresis Test, and Deuterium Oxide
Test. In addition, one Leeds-Northrup potentiometer with skin and
rectal thermocouples.

Procedure:

"1. Void into gallon cans; note exact time. Prepare two fouro-oz.
aliquots labelled "Pre-D2 0."

2. Drink 100 ml of water.

3. Recline for 60 minutes. While reclining, make the following observa-
tions:

a. Measure skinfold thickness according to the method
detailed in the Three-Hour Test.

b, The oral temperature will be measured by leaving an
"oral thermometer under the tongue for five minutes.
Thermometers must be issued from ice bath and immediately
replaced in ice bath before final reading.

c. The resting respiratory rate will be counted for one minute.
d. Measure rectal temperature with Leeds-Northrup potentiometer

and rectal thermometer.
e. Measure skin temperature of forehead, chest (near right

nipple, back (tip of right scapula), right index finger (base
of distal phalanx) and right big toe (base of distal metatarsal).

f. After 20 minutes, the blood pressure and pulse rate will be
measured.

g. The subject will come to attention and again the pulse rate
and blood pressure will be measured.

h. After steps f and g have been completed, the electrocardio-
gram will be taken.

i. When the electrocardiogram has been completed a venipuncture
will be made. With minimal stasis approximately 90 ml of
venous blood will be withdrawn.

J. Five ml of the blood will be transferred to an oxalated vial,
one drop to each of two glass slides for the preparation of
a smear, and the remainder to two 50wml centrifuge tubes.
Record the time of venipunctureo

h. Move the subject to the metabolism testing area) and conduct the
following test according to standard procedure:

a. Biological time.
b. Electroencephalogram.
c. Resting metabolism.
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TABLE I. 30 (Continued)

d. Voluntary maximal hyperventilation.

5. After completion of the resting metabolism test, the subject will
void at the end of 120 minutes into the labelled one-pint cans,
the exact time of voiding being recorded. If the subject cannot
void at 120 minutes, he will be required to remain at the station
until he can. This urine will be the basal urine for the water
diuresis test.

6. The blood specimens and urinary specimens will be delivered to
the clinical laboratory station promptly for further processing.

7. Prepare an oral water load for the subject: body weight (lb) x
9.1 - ml of water to be ingested. Include in this volume 40 gm
of deuterium oxide. This volume of fluid must be ingested by the
subject within 45 minutes after passing the two-hour urine.

8. At hourly intervals for four hours after passing the two-hour
urine, the subject will void into separate cans.

9. The volume of each hourly urine will be measured. Pool these four
urinary specimens, mix, and prepare two four-oz specimens in
screw-capped brown bottles. Label "t½O."t

10. Allow no more food or water until the end of the 2h-hour period and
collect the urine in a fresh gallon can. Prepare two four-oz
aliquots in screw-capped brown bottles. Label "POST-D 2 0."

Disposition of Specimens:
1. Urinary specimens passed on this day will not be included in the

7-day pool.

2. The 7-day pool for this subject will be closed.

3. The two-hour test urine will be processed in the customary fashion.

h. The whole blood, smears, and sera will be processed in the custom-
ary fashion.

5. The D20 specimens will be packed and readied for shipment.

Variations from Procedure:
Depending upon the clinical situation, special bloods and uri-

nary analyses may be requested. Adequate samples of blood or urine
should be obtained and should be labelled so as to designate their
subsequent use.

0. THE EPIDEMIC AN]D ITS MANAGEMENT

The most unexpected development during the summer tests was the high in-
cidence of respiratory disease among the subjects and the support personnel.
In this section we shall summarize our experience and indicate how we
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proceeded to bring the infectious processes under control. In a later section
of the report we shall discuss in detail the types of respiratory infections
which we encountered, and their impact on the primary physiological, biochem-
ical and nutritional data collected during the course of this investigation.

Among the 100 volunteer subjects, 18% became seriously ill; that is,O they suffered from a respiratory disease which requires isolation, bed rest,
and antibiotic therapy. Of the 17h persons participating in the field test,
12% had to be hospitalized either locally or at Chanute. The local facili-
ties for hospitalization were a Sick Bay at Camp Atterbury, the hospital at
Fort Benjamin Harrison, Indianapolis, and Bartholomew County Hospital at
Columbus, Indiana. The reasons for this remarkable incidence of infections
especially in the summer, are not at all clear. At the present time, the
responsible investigators are seeking to determine the etiology of this
epidemic. They are working in collaboration with the Sub-Committee on Res-
piratory Diseases of the Army Epidemiological Board. The results of their
work on this problem will be summarized in the section dealing with diagnosis
of the various diseases observed at Camp Atterbury.

The Epidemic. During the pre-period (22 June - 5 July) there were seven
cases of infection, four of which were diagnosed as pneumonia. Only one man
(Subject 59) had to be evacuated because of the seriousness of his condition.

* The experimental period (6 July - lb July) began with two more cases of
pneumonia, a case of mastoiditis, and a fatal case of meningococcemia (Water-
house-Friederichsen's Syndrome). Then the situation rapidly became worse, and
in the four days of 12 - 15 July there were ten new cases of infection, many of
whom were very sick. Four of the subjects (5, 13, 16 and 20) were from the
same flight. With inadequate manpower and facilities to care for these pat-
ients and with the entire field test in jeopardy, it was decided to discon-
tinue the experimental period and begin rehabilitation promptly.

Management of the Epidemic. At the time the fatal case developed, it
was not clear that we faced an epidemic. When the diagnosis had been estab-
lished, all personnel who had close contact with Subject 77 were given pro-
phylactic sulfadiazine. When a few of the men in Flight h (limited water,
light work) developed crystalluria, the water allowance of the entire flight
was promptly raised to 2700 ml/day. The men went through the three days of
prophylaxis without further complications.

The fatal case, however, prompted us to acquire more antibiotics and
cortisone so that we might be prepared in the event of further trouble. Our on-
ly antibiotic at that point had been penicillin in oil for intramuscular
administration.

It was our good fortune that Colonel Jack Bollerud was visiting Camp Atter-
bury at the height of the epidemic (July 13 - l4); because of the serious
nature of the situation, a conference was held with him. The decisions of the
conference were (1) to air evacuate all men sick at the time and any new cases
which might appear, (2) to terminate the experimental period as rapidly as
possible, (3) to keep the four groups of subjects isolated one from another

WADC TR 53-h0h, Part 3 85



as much as feasible until the epidemic subsided, and (4) to give all men in
Flight 1 prophylactic penicillin.

The decisions were implemented with support frcm Chanute AFB for air evac-
uation and medicaments and from the Post Engineer, Captain Hartong, in arrang-
ing for more housing for the subjects. Each flight was housed in a separate
barracks with half the men living upstairs and half downstairs. They slept
head-to-foot in beds separated by about six feet. Each flight was fed at a
separate mess. Measurement of respiratory metabolism was discontinued until the
epidemic had subsided.

The epidemic rapidly subsided and only one additional case of broncho-
pneumonia developed in the recovery period (Subject 68). The only other ser-
iously ill subject was No. 19 who had mastoiditis.

Because there were no new cases of respiratcry disease within the three-
day interval following 15 July, the subjects began to eat together at the even-
ing meal on 18 July. They continued to live in separate barracks. On 19 July
testing began again. Because the epidemic subsided so rapidly, it is difficult
to attribute the break of incidence to the measures adopted,

P. STATISTICAL METHODS

Statistical procedures similar to those used in analyzing the data of the
1953 temperate study and the 1954 winter study were repeated during the analysis
of observations and data collected in the 1955 summer tests. Because of the
importance of the concepts of control used in these two studies, we shall reite-
rate the material published in the report of the first trial (Sargent et al.,

1. The Cuncept of Own-Control

The design of the present investigation was that common to all clinical in-
vestigation; viz., repetition of critical observations on the subject in a pre-
period with those of the experimental and recovery periods. By this device the
measurements of the pre-period can arbitrarily be equated to 100 and the data
of the experimental and recovery periods expressed as a percentage of the pre-
period measurement. The results of the several critical observations are thus
expressed in units independent of the original observations and the order of
magnitude of deviations from the pre-period or control values becomes readily
apparent.

It is a known fact that individaals differ one from another with respect to
the exact value of a given physiological or biochemical measurement. This inter-
individual variability-the so-called normal range--may prejudice statistical
analyses when absolute values are used in the mathematical treatment. On the
other hand, the concept of own-control allows this potential bias to be mini-
mized, When the individual control data are set equal to 100, the changes in
the oxperimental and recovery periods can be expressed as averages which are not
prejudiced by the influence of one individual. This mathematical procedure was
used in studying the effects of the several experimental regimens on a great
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many of the functions of organs and systems and different biochemical levels in

the several biological fluids.

2. The Concept of Positive and Negative Control

Reference standards had to be established for interpreting the data col-

lected while the subjects subsisted on the several experimental nutrient mix-
tures. By definition a fixed intake of 3000 Cal/man/day was identified as the
"positive control." ?In the winter of 1953 this regimen was made from compon-
ents of the 5-in-l ration; in the 1954 winter and 1955 summer trials the 15/52/33
"regimen was fed at 3000 Cal/day.) This regimen was pictured as that most close-
ly approaching the subjectst usual diet. The distribution of calories approxi-
mated those of the pre- and recovery periods and was very similar to that re-
ported for voluntary food consumption by troops residing in temperate climates
(Johnson and Kark, 1947). Subsequent analysis of the data on caloric expenditure
indicated that the men in Flight 3 (light work, unlimited water) used up about
3000 Cal/day. These subjects of this flight who subsisted on this regimen lost
relatively little body weight during the 14-day interval on this regimen. Most
of the functional data showed little change. In general, then, this positive
control fulfilled our idea of a reference standard. A negative standard was
also needed. By definition,starvation was pictured as the "negative control."
This regimen produced marked changes in body weight; the physiological reactions

* to the several experimental nutrient mixtures would fall somewhere within the
range delimited by positive control and negative control. The more nearly the
reactions approached those of positive control, the less presumably was the
nutritional stress. The more nearly the reactions approached those of negative
control, the greater presumably was the nutritional stress. Perhaps evaluation
of the data within this conceptual frame would lead to practical information
regarding the feasibility of an all-purpose or at least a multi-purpose sur-
vival ration.

From the statistical point of view, positive and negative control can be
visualized as the upper and lower limits of variation in physiological pro-
cesses and biochemical levels in this investigation. Generally speaking, posi-
tive control was the optimum nutrient mixture. It should follow, then, that a
measurement expressed as a percentage of the pre-period average should remain,
within the limits of experimental error, at 100% in the experimental and re-
covery periods. The maximum deviation, plus or minus, from 100% should occur
in negative control--except when subsisting on a given mixture may be worse
than eating nothingl The other nutrient mixtures should give values within the
limits described by positive control and negative control. The differences
between the measurements made during the 1000- and 2000-Calorie regimens and
those made in the control regimens can be evaluated statistically and assist in
drawing conclusions regarding the best possible nutrient mixture for survival.
This attitude of mind has been adopted in this investigation in the analysis of
the entire body of observational material.

3. The Concept of Paired-Feeding

The three investigations, and particularly the two field investigations,
have taken advantage of the technique of paired-feeding. Each nutrient regi-
men has been tested under four different conditions; namely, hard work,

WADC TR 53-484, Part 3 87



unlimited water; hard work, limited water; light work, unlimited water; light
work, limited wpter. Groups of two to four subjects have subsisted on each
nutrient regimen under each of these four conditions; therefore, it has been
possible to compare the separate effects of work and water on the reactions of
the subjects to a given regimen. Since every regimen studied has been tested
under these conditions, we can, in the final analysis, arrive at specific con-
clusions regarding the nutrient regimens which provoke the least and the most
deterioration in the function of the organs and systems of the body; i.e., the
regimens can be ranked from the least to the most deleterious.

h. The Concept of Ration Control

Although a packaged ration, such as the 5-in-l ration, may provide an ade-
quate control ration, it is still not a "normal" diet. The usual diet of Ameri-
cans does not consist entirely, or even largely, on packaged items. Thus, the
5-in-l componeits do not provide an ideal control ration. Furthermore, the com-
ponents of this ration are not merely packaged but pronessed to meet special
military specifications regarding stability and utility under conditions not
ordinarily encountered by ordinary commercially packaged items. To our kncwledge
there is no adequate proof that a diet of rations prepared to meet military
characteristics has the same nutritional and physiological effects on man as a
diet comprised of foods customarily eaten by Americans. A rigorous test has
never been made in which subjects living on the 5-in-l ration, for instance,
have been compared with subjects living on standard garrison rations. Because a
doubL was present, in our minds at least, regarding the 5-in-I ration, we
assigned 12 of the volunteer subjects to a FRA group. These men were ration con-
trols in that they subsisted throughout the period of study on Field Ration A,
and they took part in all the activities and tests as the members of their
respective flight did. In the summer test we were in a better position to judge
the meaning of differences with regard to physiological function and biochemi-
cal levels between the ration controls and the volunteer subjects. The ration
controls of the summer tests were of a comparable Age group and represented
the same type of general background., both physical and cultural, as did the
experimental subjects; consequently, the mjor difference between these two
groups was one of diet.

The ration controls also served in two other useful capacities. In the
first place, any trends due to the proression of the seasons would be reflected
by the ration controls. In the seccnd place, non-specific reactions to the
several conditions of the trial would be reflected by the ration controls.
Such information would provide a basis for dec-ding whether or not a given
nutrient mLiture rather than the work Toad or the non-specific factors of the
trial was the cause of a significant alterption of a nhysiological process or
a biochemical level.

SStatistical Analyses

Throughout the repurL the statistical procedures and terms are the same
as those described by Rider (1939) and GCox-on (1953).

Average ani mean are used interchangeably and in both cases refer to the
arith•ietical mean,
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The variance of a set of data frorm the mean has been mepsared in two ways:
(1) standard deviation and (2) coefficient of variation. The standard devia-
tion has been calculatei from the equation:

(s.d.) 2 - x 2

. where s.d. a standard deviation.

The coefficient of variation was calculated from the equation: CoV. - (s.d.)
M

X 100 where C.V. - coefficient of varintion and M arithmetical mean.

The "t" test was used to analyze the significance of the difference between
means. The Chi Square test was employed to determine the statistical signifi-
cance of changes in frequency distributions. At a later date it is planned to
perform analysis of variance on these data. The University's digital computor,
Illiac, will be utilized.

6. Validation of All Methods

Most of the procedares used in this investigation were validated in the
hands of the individual responsible for the particular method. In some in-

* stances, validation was rather elaborate. In the case of all chemical methods,
recovery studies were performed. in genera!,ten recovery experiments were done
before results were accepted as satisfactory. In all such cases the material
recovered was 95-105ý of that added. For the routine chemical work, the
analyses were done "in duplicate."

Or
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A. INTRODUCTION

1. General Results

This report presents the results of metabolic investigations made upon
I00 volunteer airmen, 12 of whom served as ration controls. During the 36
lays of continuous observation, food and water intake were measured daily, all

Wurine and feces were collected, blood was drawn weekly, functional tests were
conducted weekly, and four complete physical examinations were made. Since the
objective was to evaluate the effect of 40 different experimental regimens on
the efficiency of the body as a whole and changes in the function of the organ
systems, many kinds of data were recorded for each subject. Literally thousands
of analyses, mostly in duplicate, were made of blood, urine, and feces. Various
functional tests accounted for several thousand more observations. Daily entries

* were made for each of the 88 subjects for 17 quantitative aspects of the nutri-
tive intake. From these nutritional figures several hundreds of thousands of
intermediate calculations were made to arrive at the final entries. For the
100 subjects, then, over 100,9000 individual accurate quantitative entries were
required from which numerous averages, ratios, and statistical analyses and graphs
were prepared for the present section.

In the main, results will be presented according to the organs and systems
*uf the body which were studied. In each part of the text dealing with a partic-

ular system or organ, the material will be subdivided according to experimental
nutrient mixture, and further subdivided according to work output, whether hard
or light. Original data will be summarized in figures and tables similar to
those presented in previous technical reports (Sargent et al., 1954, 1955) giv-
ing means and various measurements of variance. The actual original data will
be found in various appendicies (Volume II of the present report). The inte-
gration of this large mass of data leading to conclusions regarding the experi-
mental nutrient mixture for survival under temperate cold and hot conditions will
be dealt with in Section IV: Discussion.

* 2. The Weather

An extensive battery of meteorological observations were made by the weather
observer, S/Sgt. Hanley. An instrument shelter was improvised in the Headquarters
Area. This shelter contained standard U. S. Weather Bureau maximum and minimum
thermometers and a thermograph. Observations on dry bulb and wet bulb tempera-
tures were made three times daily--0730, 1230, and 1630 hours--with a sling psy-
chrometer. Additional observations were made at these times on wind velocity and
direction, cloud cover, precipitation, and barometric pressure. Some of these
records have been summarized in Table III. 1.

Study of this table and Figure III. I indicates that the weather wasp indeed,
hot throughout the field test. In the pre-period the mean maximum and minimum
temperature were 90° and 600, respectively. The relative humidity at 1630 hours
averaged 49%. The weather was relatively cool in the first week, for on five
"days the maximum temperature did not exceed 900 and the minimum frequently fell

* to the low 50's. In the second week, it was hot and humid. On two of these days
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the maximum temperature rose above 1000.

The experimental period was consistently hot. The mean maximum and minimum
temperatures were 94 0 and 670, respectively, and the relative humidity at 1630
hours averaged 57%. The maximum temperature exceeded 900 on each of the nine
days and the minimum temperature was below 650 only twice. Never, however, did
the maximum temperature exceed 1000.

The weather continued hot in the recovery period. The maximum and minimum
temperatures averaged 940 and 680, respectively, and the mean relative humidity
at 1630 hours was 58%. On only two days did the maximum temperature fail to rise
above 900. On two days it rose above 1000.

During the entire 36-day period of the test, the maximum temperature ranged
from 720 to 1050. The mean was 920. The minimum temperature ranged from 520 to
750. The mean was 650. The relative humidity at 1630 hours averaged 54%. The

fact that each of the three periods was consistently hot indicates that the
weather will not be a major variable in inter-period comparisons.

3. Daily Work Load

In addition to the weather another major consideration controlled the daily
planning of the study: daily work load. It was planned to study two kinds of
survival situations. The first required the castaway to escape and evade by
travel; the second required the castaway to remain in one spot surviving there
until rescued. Tn the field phase of the present study, half the subjects simu-
lated escape and evasion by marching 12 miles a day while the other half remained
almost sedentary. The results of the study did emphasize many significant differ-*
ences between these two kinds of survival.

FIGURE III. 1. DAILY MAXIMUM AND MINIMUM TEMPERATURE, CAMP ATTERBURY,
INDIANA.
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TABLE III* 1

METEOROLOGICAL OBSERVATIONS
HEADQUARTERS AREA

22 June - 27 July_1955

1630 Rel, 1630 Rel1
Temp. (OF) Humidity Temp. (OF) Humidity

Date Max. Mi (%) Date Max* Min (%)

June 22 91 58 43 July 11 94 65 35

23 84 60 44 12 93 60 34

24 83 53 67 13 95 61 34

25 72 53 75 14 90 70 99

26 8h 52 38 Mean Exp 914 67 57-

27 88 53 40 15 88 69 65

28 90 52 40 16 91 68 64

29 91 53 44 17 88 67 63

30 92 65 38 18 90 70 78

July 1 93 67 42 19 92 67 67

2 101 67 56 20 91 65 50

3 103 75 51 21 91 67 57

4 95 65 51 22 99 66 36

5 94 64 56 23 91 68 57

Mean Pre 90 60 "49 24 93 67 83

6 95 67 46 25 99 69 49

7 92 70 54 26 103 70 40

8 93 70 81 27 105 75 41

9 99 68 81 Mean Rec 9 .4 65 58

10 96 70 53 Mean 92 65 54

*The 1630 observation was closest in time to the daily maximum temperature.
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B. BALANCES

1. Calorie Balance

Pre-Periods. In the first pre-week, the flights consumed an average of 3610
*Cal/man/day; during the second pre-week food consumption dropped to an average of

3355 Cal/man/day (Table 111,2 A). In these same weeks, average balances were
+430 and +155 Cal/man/day respectively (Table I1. 2 B). These slight positive
balances would be expected in healthy young men of the age group of these subjects.
The decreased balance of the second week was due entirely to a slight decrease in
"food intake, because the mean caloric expenditure was practically constant in the
two weeks, averaging 3165 Cal/man/day in PRE I and 3195 in PRE II (Table 111.3).

Experimental Periods. As compared with pre-periods, caloric expenditure in-
A creased in the hard work Flights 1 and 2, and decreased in the light work Flights

3 and 4 (Table III. 3). Because of an accelerated testing schedule, the hard work
Flights I and 2 expended fewer calories daily in the second experimental period
than in the first. There was no change in the expenditure of the light work
Flights 3 and 4 during the second experimental week. There is an apparent dis-
crepancy in the data for expenditure: The total caloric output for the hard work
groups was only slightly greater than for the light work groups. This discrep-
ancy is explained by the fact that the average body weights of the hard work groups

A were substantially less than that of the light work groups in the experimental
Wperiods. The apparent discrepancy disappears if we examine the caloric expenditure

per kilogram body weight (Table III. 4). Flights 1 and 2 marched 12 miles per day
and per kilogram body weight expended about 10% more energy than Flights 3 and 4.

Caloric intakes during the experimental period approximated closely those
demanded by the experimental planning: 0, 1000, 2000, and 3000 Cal (Tables III.
5; Figures III. 2 and III. 3).

Caloric balances became negative in all groups, in inverse proportion to the
caloric intake. Only the groups on 15/52/33 3000 approached positive balance

* (Table III. 6; Figures III. 2 and III. 3). The only two contributing factors to
the balance were gross caloric intake and caloric expenditure. In the dehydrated
groups, balances tended to be slightly more favorable than in the hydrated
groups, because the former lost more weight.

Recovery Periods. Rehabilitation was accomplished by step-wise increases in
food allowances. Hence, in the first recovery period, intakes and balances ap-
proximated those of the pre-periods. In the second recovery period, the subjects
were permitted to eat as much as they wanted, and their food consumption rose on
the average to about 5000 Cal per day. At the same time, their caloric balances
became strongly positive as they repaired the deficits of the experimental
periods. Previous caloric intakes, protein/fat/carbohydrate ratios, and water
intake bore no apparent correlation with recovery intakes or balances,
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TABLE III. 2

PRE-PERIOD DATA ON MEAN CALORIC INTAKE AND BALANCE
(Cal/day)

PI PII
Flight Mean Range Mean Range

A. Intake
1 3520 2730 - 44906 3370 2410 -4160
2 3490 2560 - 4470 3220 2660 - 4210
3 3790 2600 - 5760 3600 1480 - 5550
4 3630 2800 - 4450 3230 1950 - 3980
FRA ------- 4130 3580 - 4730

B. Balance
1 +375 .460 to +9'M +160 -600 to +770
2 +400 -555 to +1390 +135 -845 to +1100
3 +470 -1080 to +2255 +230 -1735 to +1910

4 +480 -255 to +1270 +90 -1335 to +795
FRA ..... +315 -1330 to +1415

TABLE III. 3

DAILY CALORIC EXPENDITURE
(Mean and Range)

Calories/day
Period Flight 1 Flight 2 Flight 3 Flight 4 FRA
PRE I 3140 3100 3260 3150 4070

2690-4190 2530-3970 2630-3680 2680-4180 3540-4730
PRE II 3210 3070 3370 3140 4130

2790-3950 2520-3930 2720-3760 2660-4190 3580-4730
EXP I 3350 3130 3120 2870 4180

28140-4330 2510-3890 2560-3520 2470-3110 3660-64750
EXP II 3260 2910 3110 2880 4150

2740-4180 2370-3410 2540-3540 2480-3150 3530-4810
REC I 2920 2710 2950 2660 4150

2520-3690 2100-3180 2440-3340 2250-2910 3540-4800
REC II 3240 2980 3220 3120 4180

2770-3970 2410-3500 2670-3570 2680-3470 3650-4800

5

WADe TR 53-h814, Part 3 98



TABLE III. 4

CALORIC EXPENDITURE PER KILOGRAM BODY WEIGHT,
EXPERIMENTAL PERIODS

Period and
Distribution of Flight
Expenditure 1 2 3 4

Cal/kg/day
EXP I

Rest 9.1 9.1 8.7 8.8
Light Work 24.2 24.2 32.6 3203
Hard Work 18.8 18.8 5,2 5.2

"Total 52.1 52.1 46.5 46.3

EXP II
Rest 10.1 10.1 7.9 8.1
Light Work 27.0 24.9 34.1 33.4
Hard Work 14.0 14.0 5.2 5.6

Total 51.1 49.0 47.2 47.1
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CALORIE BALANCE (Hard Work-Summer 1955)
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2. Water Balance

Pre-Periods. Intake included fluid, water preformed in food, and metab-
olic water (Table i1i. 7 A). In the first week it averaged about 3.7 liters/
day; it averaged over L liters/day in the second week, because the weather
became hot. Balances (including corrections for dermal and pulmonary losses)

*ere slightly positive in the first week and slightly negative in the second
week (Table 1II. 7 B). The "ideal controls" were studied every other week, and
remained in balance with an intake averaging about 5 liters/day.

Experimental Period: Water Intake. The original plans called for only 910
ml of water/day for subjects whose water intake was to be limited. After the
first three days, cases of anhidrosis and hypohidrosis began to develop in
Flights 2 and L. Because of the gravity of this situation, it was decided that
910 ml per day was dangerously inadequate for these hot, moist conditions and
on July 8 the water allowance of hard work Flight 2 was increased to 2730
ml/day and light work Flight h was permitted 1820 ml/day. No further change
was made for Flight 2; but the situation deteriorated in Flight 4, and on
July 10 a water diuresis test was given to all members of that flight. Start-
ing on July 11 they received 2730 ml of water/day for the rest of the experi-
mental period. The data in Table I1. 8 and Figures III. 4 and III. 5 should
be viewed with these changes of intake in mind. The clearest picture of the

\effects of enforced deprivation will be seen in EXP I (Table IT. 8). The
!largest voluntary intakes in both flights were associated with the regimens of
highest osmotic effect---2/20/78 2000, 15/52/33 2000 and 3000, 30/0/70 2000,
and FRA. Regimens of smallest osmotic effect diminished thirst, as in 0/100/0 1000
and 2000 and STO. Even with an increased water allowance, the restricted groups
never reached the intake of the unlimited groups.

Experimental Period: Urine Volume. Regardless of nutrient combination,
urine vol]ime? tended to correlate with water intake (Table III. 9). With the
single exception of ST n in EXP IT, those on limited water excreted less urine
than those on unlimited water. The smallest urine volumes were observed in the. regimens of smallest osmotic effect, 0/100/0 1000 and 2000. Osmotically obli-
gated water must be excreted, and this fact accounts for the small increases
from regimen to regimen in water restriction in relation to the osmotic excre-
tion.

In EXP II the urine volumes of the restricted subjects increased as the
water allowance increased. Nevertheless, except in ST 0, the urine volumes of
the restricted subjects remained below that of the unlimited paired subjects.

Experimental Period: Dermal and Pulmonary Water Loss. In EXP I these
losses were very similar to those of PRE II (Table ITT. 10). In 17 of 19
paired comparisons, the limited subjects lost less than the unlimited subjects,
presumably because of differences in body weight. The same tendency had been
present in PRE II, when water intake was unlimited for all subjects. In EXP
II, the hard work flights were not so active as they had been in EXP I and
their losses were slightly smaller.

* Experimental Period: Water Balance. With the single exception of
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2/20/78 2000 L, all groups of subjects in all flights were in negative water
balance in both experimental periods (Table III. 11; Figures II. 4 and III.
5). Part of this negativity is explained by the fact that all were losing
weight and therefore there would be an "automatic negative water balance" as
water accompanies the excretory products of the lost body tissue. A contribu-
tion to this negativity would also be made by enforced water deprivation,
especially in EXP I in Flight 4. A further contribution would be made by the
"involuntary dehydration" caused by loss of thirst in ST 0, and in the low os-
motic diets 0/100/0 1000 and 2000.

When the water intake was increased in Flights 2 and 4, negativity tended to
be less in EXP II than in EXP I among the restricted subjects. Among the unre-
stricted subjects, there was an amelioration in the hard work groups, because
they worked less hard and sweated less. In the light work groups, the unre-
stricted subjects remained about the same. Under all conditions, ST 0 had the
greatest negativity. Other correlations with the regimen are not very apparent.

Recovery Periods. During recovery, the water deficits of the experimental
period were repaired, and positive water balances were obtained. Water intake
increased to as much as 7 liters/day, and urine volumes increased sharply. Even
by the end of REC II, however, the subjects had not yet fully restored the
losses of EXP I and EXP II, and among the 37 individual regimens, balances were
still negative in 32. As would be expected, those who had been doing hard work
tended to have the largest negative balances in EXP II. W

TABLE III. 7

PRE-PERIOD DATA ON
WATER INTAKE AND BALANCE

(1/day)
PI PII

Flight Mean Range Mean Range
A. Intake

1 3.64 2.68-4.54 4.12 3.22-5.33
2 3.61 2.78-4.84 3.75 3.18-5.08
3 4.07 3.26-5.12 5.30 3.76-7.18
4 3.84 3.02-5.00 4.54 3.60-5.40

FRA ---- - 4.96 3.93-5.75

B. Balance
1 +0.18 (-0.50)-(+l.2l) -0.18 (-0.6o)-(+o.3l)
2 +0.27 (-0.22)-(+0.83) -0.42 (-1.69)-(+0.19)
3 +0.05 (-0.34)-(+0.37) -0.06 (-0.87)-(+0.52)
4 -0.09 (-.1.23)-(+1.32) +0.06 (-1.20)-(+0.56)

FRA .---- -0.01 (-0.03)-(+0.o4)
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WATER BALANCE (Hard Work-Summer 1955)

ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROL

.60

' 
0

FIG0- UR L. I h. WAE BU ANE LAR WORK.

2.-

a-. aX.) O

EXPERIMENTAL PERIODS (Weeks)

FIGURE III. 4. WATER BALANCE: LIGHT WORK.
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3. Nitrogen Balance

Pre-Periods. Mean intake was over 20 gm N/day in PRE I (Table I11. 12 A)
and was accompanied by mean positive balance of about 2 gm N/day (Table III.
12 D). With the onset of hot weather in PRE II, appetites diminished somewhat.
The average intake dropped to about 19 gm N/day, urinary and fecal excretions
diminished somewhat, and balances were positive only by about 0.5 gm N/day
(Tables III. 12 A, B, C, D). The "ideal controls" had an unrestricted intake,
which was 27.3 gm N/day, and a positive balance of 8 gm N/day in PRE II. All
these results would be expected in very young men, such as our subjects were.

Experimental Periods: Nitrogen Intake. The planned intakes were achieved
in both experimental periods (Table III. 13) and in all flights. Among the
various regimens intake of 0, 1, 2, 6, i1, 17, 12, and 2 4 gm N/day were recorded.
The intake of the "ideal controls" dropped to 21.6 gm N/day.

EMperimental Periods: Urinary Nitrogen. Excretion of nitrogen parallelled
intake (Table III. 14), and it tended to decrease slightly in EXP II; this phe-
nomenon could be accounted for by the "levelling off" whenever gross changes in
nitrogen intake occur. Interpretation of the data probably is most satisfactory
in EUP II for this reason. A consistent effect of dehydration is to be noted.
In hard work, among 9 paired comparisons in EXP II, dehydration was accompanied
by increased nitrogen excretion in 9; in hard work, among 9 paired comparisons,
this effect was observed in 7. Our interpretation is that dehydration was pro-
voking a catabolic reaction with an extra tendency to break down body tissue.

Experimental Periods: Fecal Nitrogen. No subject excreted excessive amounts
of nitrogen through the gastrointestinal tract (Table 11. 15). No convincing
correlations appear among this excretion, and work load, water intake, or nitro-
gen intake. It would appear that nitrogen was well absorbed in all regimens,
and that we were observing, in effect, endogenous fecal nitrogen.

Experimental Periods: Estimated Sweat Nitrogen. Nitrogen loss in sweat was
significant, amounting to about I gm N/day. The value was independent of work
load, nitrogen intake, and calorie intake. Dehydration did have a slight
effect. Excretion was less in dehydrated subjects than in well hydrated. In
hard work in EXP II, this was seen in 8 of 9 paired comparisons; in light work
in EXP II, it was seen in 7 of 9 paired comparisons. The effect was of the
order of 0.1 gm N/day.

Experimental Periods: Nitrogen Balance. Numerous interesting correlations
were found between nitrogen balance and other variables. (Table II. 17;
Figures III. 6 and I1. 7). First, all subjects tended to be in negative bal-
ance in both EXP I and EXP II. Among the possible 77 instances, this was ob-
served in 75 cases. The "ideal controls" remained positive. The situation
possibly invoked a general catabolic reaction in all subjects. Second, work load
affected somewhat the amount of negativity. In comparing hard work vs. light
work, in EXP (allowing for stabilization after EXP I), negativity was greater in
12 of 18 comparisons. Third, nitrogen intake affected balance. If we look at
individual regimens, in which calorie intake was the same, we can rearrange the
data in Table III. 17 as follows:
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Nitrogen Balance (EXP II)
Nitrogen Intake Hard Work Light Work

(gm N/day) U L U L
1000-Cal Regimens

0 -8.9 -9.9 -7.7 -8.6
1.3 -.1010 -8.7 -8.8 -8.3
5.6 -7.6 - -7.1 -6.6

12.0 -7.5 -7.3 -5.5 -7.5

2000-Cal Regimens

0 -8.2 -8.0 -7.3 -7.5
2.2 -6.5 -7.0 -6.5 -6.8

u .4 -3.7 -7.0 -5.1 "2.9
23.8 -4.5 -5.7 -2.6 -6.1

Although the results are not as regular as one would like to see, increased
intake tended to decrease negativity of balance. Fourth, at a given nitrogen
intake, calories had an effect. Increased calorie intake decreased the negativ-
ity. Notice especially the pure carbohydrate diet (0 gm N), and the comparison
between 12.0 gm N at 1000 Cal/day and 11.4 gm N at 2000 Cal.. A graphic presentation assists in examining the relations among the several
important variables (Figure III. 7). The four points made above are brought
out: a general negativity; an effect of work load; an effect of nitrogen in-
take at a given calorie intake; an effect of calories at a given nitrogen in-
take. In addition, there is an irregular effect of dehydration in 11 of 17 com-
parisons.

An important metabolic defect of the meat bar (30/0/70) appears in this
graph. Even with a much larger nitrogen intake, when compared with 15/52/33 at
the same calorie intake, 30/0/70 induces the same negative nitrogen balance as

*15/52/33. This is seen most clearly at 2000 Cal. Increasing the nitrogen intake
Wby 11.8 gm N/day does not at all alleviate the negative balance in hard work U

or light work L and only slightly in hard work L and light work U. We can only
speculate on the reason for this interesting effect, for we have no conclusive
evidence one way or the other. It could be a simple calorie effect, because pos-
itive balance is achieved by the subjects at 20 gm N/day and 3000-4000 Cal. It
could not be inadequate absorption, because the fecal loss and urinary loss are
consistent with good absorption. Furthermore, the Pepsin Digest Residue (PDR)
Amino Acid Index was 84.3 on the average, a high value (Spector, 1956; Sheffner
et al., 1956). It could be an amino acid deficiency, perhaps lysine which is

S,,easily destroyed by heat. This is an unlikely explanation in view of amino
acid analysis of the meat bar (courtesy of the Quartermaster Food and Container
Institute, Doctor Harry Spector) which can be interpreted as showing that the
processing of the meat bar does not in fact cause individual amino acids,
especially lysine, to be destroyed. The data are listed in Table III. 18, which
shows that the intake of all eight essential amino acids at 1000 Cal of meat bar

*is far above the recommended allowance of Rose (1952).
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We are left with a mystery which could only be explained by further re-
search, including (a) balance studies on the meat bar at 3000 Cal/day; and (b)
supplementation of meat bar with individual amino acids on the unlikely assump-
tion that we are dealing with an amino acid deficiency of a subtle kind not
revealed by microbiological assay.

In W. C. Rose's classic studies on the individual amino acid requirements
of man, it was found necessary to provide as many as 5000 Cal/day to achieve
balance with complete amino acid mixtures. In contrast, with native protein,
3000 Cal/day would permit balance to be achieved (L. Henderson, personal
communication) at low levels of nitrogen intake. Perhaps we are dealing with a
similar phenomenon here.

TABLE III. 12

PRE-PERIOD DATA ON
NITROGEN INTAKE, OUTPUT, AND BALANCE

(gm/day)
PT PII

Flight Mean Range Mean Range

A. Intake
1 21.6 16.,5 18.7 14.6-24,,0
2 20.8 16.2-26.1 18.7 14.1-23.5
3 23.0 16.0-29.6 19.2 6.6-26.4
4 22.6 18.4-25.1 19.4 u.5-22.1

FRA --- --- 27.3 21.3-33.4

B. Urinary Nitrogen
1 15.5 9.9-19.3 14.2 10.0-17.9
2 14.8 10.8-19.7 144.7 9.8-18.3
3 16.9 12.6-21.6 150. 9.3-19.1
4 15.5 9.4-19.2 14.9 8.6-177?.

FRA 13.0 8.5-17.4 15.1 ii.8..20.2

C. Fecal Nitrogen

1 2.4 .T.9-5.8 2.1 0.9-3.7
2 2.6 1.3-4.7 2.0 1.1-3.4
3 3.0 1.0-6.2 2.3 1.1-5.8
4 2.7 1.7-4.6 1.6 0.5-2.7

FRA 2.3 1.2-4.4 2.2 1.3-3.14

D. Balance
1 +2.3 (-3.3)-(+9.7) +1.1 (-1.7)-(+4.O)
2 +2.1 (-0.9)-(+9.1) +0.2 (-3.0),.,(+2.5)
3 +1.7 (-4.7)-(+4.7) +0.2 (-14.2)-(+5.1)
4 +2.8 (-2.9)-(+7.4) +1.1 (-5.6)-(+3.8)

FRA ----------- - +8.0 (+3.5)--(+:162)
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NITROGEN BALANCE (Hard Work) Summer 1955
S T 0 0/100/0 100 0 2/20/78 1000 15/5 2/33 1000 30/0/70 1000 Control

o 0.
-j "~ '%)' A~ ,

N 3000 0/100/0 20 00 2/20/78 2000 15/52/33 2000 30/0/70 2000 Code

+0-

Z+-L
EXEIMNA PER0DSWeks

FIGURE III. 6. N~~~ItRGNBLCEHRDWK
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FIGURE 111, 7, NITROGEN BALANICE: LIGHT 'WORK
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NITROGEN BALANCE VS. CALORIE, NITROGEN INTAKES
(SUMMER 1955)

HARD WORK ix I LIGHT WORK ®. x
/1 3830 Co/s. 3830 Ca/s.

D3010170 30/0/70

"3-20 Ceo/ l- [0 360 Co/o -

EZ 30Cl 3230 Co/s.

1 5 3 0 / 0 / 17 0 1 1 , 33 0 / 0 / 7 0 ,1 / 5 2 1 ,3 3 5

z 0
z /551, 5/52/33

0
z~l

z F - r-r-- - T*- r-rT ---

-I5 -10 -5 0 -15 -10 -5 0
NITROGEN BALANCE (gm/day, EXP II Ave.)

CODE: 0 STO 0 /000 Ca/s X 8000 Co/s, A 3000 Cols.

T Copt'o/s 0) L im//ed Wa/e, ,w EXP IT + Meon PRE 8 Vo/se, Who/e Group

FIGURE 111 * 8 * NITROGEN BALANCE VS. CALORIE.*
NITROGEN INTAKES (SUMMER 1955)

TABLE III5 18

AMINO ACID CONTENT OF MEAT BAR
Amnount Povge-d By Meat -Bar* Requirement**~

Amino Acid 1000 Cal 2000 Cal Minimum Recommwended

gm/day gm/day gm/day gm/day
Isoleucine 3.79 7558 0.70 1.4
Leucine 6.08 12.16 1.110 2.2
Lysine 0.88 1.76 0.80 1,6
Methionine 1.86 3.71 1.10 2.2
Phenylalanine 3.29 6.58 1.10 2.2
Threonine 3.63 7.26 0.50 1.0
Tryptophan 0.91 1 582 0.25 0.5
Valine 4t.71 9.413 0.80 1.6
Histidine 3.410 6.80 Not essential
Cystine o.83 1.66 Not essential
Tyrosine 2.23 4.4.6 Not essential
Arginine 5,94 8.GN89 Not essential

4Total M-5757n
Total Protein 72(60 1 945.20

Aeat bar provides 1000 Cal for every 165 gm. Amino acid analyses were
conducted at the C3 Food and Container Institute and reported by Spector

y(1956). 0.. Rose (1952).

WADo TR 53--4874, Part 3 119



4. Chloride Balance

Introduction. Among all the balances, those of chloride and sodium are
most likely to be inaccurate in this study, and, for the same reason, we can-
not be sure that the estimate of dermal loss is correct. Urinary excretions and
fecal excretions are accurate for all subjects. Intakes were reliable for all
subjects except FRA, who were permitted to use salt shakers; FRA intakes are not
even listed. Dermal losses may be inaccurate because any of three major calcula-
tions may be erroneous: (a) total daily sweat loss was calculated from inter-
mittent measurement of hard work sweat rate in the heat acclimatization test,
and this latter value was used for extrapolation; (b) samples of sweat collected
in gloves were analyzed for chloride and sodium, and these values were applied
to total body sweat; (c) reasonable assumptions had to be made on changes of
sweat chloride and sweat sodium with rate of sweating. We have relied heavily
on the work of Ladell and of Robinson in arriving at our method of calculation,
taken together with our own special observations at Camp Atterbury.

Pre-Period. PRE I was relatively cool; PRE II was hot and humid. Salt in-
take diminished in PRE II (Table III. 19 A), but still remained high by usual
American standards. Urinary loss diminished somewhat in PRE II (Table II. 19
B) because of the diminution of intake. Dermal losses doubled in PRE II (Table
III. 19 C) because of the increased heat, with concomitant increases in total
sweat losses. Balance changed from positive in all flight to slightly negative
in Flights 2, 3, and 4.

Experimental Periods: Intake. Five regimens provided virtually no chloride
(Table IIi. 206): STO; 0/100/0 1000 and 2000; 30/0/70 1000 and 2000. Two regi-
mens might be considered high: 2/20/78 2000 and 15/52/33 3000. The other three
were intermediate: 2/20/78 1000; 15/52/33 1000 and 2000. It should be remembered
that the primary control of the regimens was with respect to water, total calo-
ries, and protein-carbohydrate-fat ratios. Minerals were not specifically con-
trolled by plan, but were controlled in the sense that the subjects ate a constant
diet.

Experimental Periods: Urinar� Chloride. In hard work, all subjects excreted

less chloride in EXP II than in EXP I (Table III. 21); in light work, this
occurred in only 13 of the 19 regimens. Presumably, the relatively greater
sweating in hard work depleted the body faster than in light work. There was a
fair correlation in EXP II between urinary excretion and intake, except in the
case of 30/0/70 1000 and 2000. In those regimens, urinary excretion remained
quite high in the face of an intake that was practically nil. Other zero intake
regimens caused very low urinary excretions in EXP II, Also in 30/0/70, doubling
the protein intake virtually doubled the urinary chloride excretion.

Experimental Periods: Dermal Chloride Loss. These data are tabulated in
Table III. 22. As compared with PRE II, there were general decreases of dermal
loss in EXP I, EXP II, or both. In hard work this occurred in 15 of 20 compari-
sons; in light work, it occurred in 19 of 19 comparisons. Furthermore, as would
be anticipated from the differences in total sweat, dermal chloride losses were
usually greater in hard work than in light. If we look at both EXP I and EMi III
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the paired comparisons in 39 cases showed greater losses in hard work in 29.

Dermal losses in sweat are a highly individual characteristic. Not only
may different subjects sweat at greatly different rates under the same conditions,
but also the sweat chloride concentration may be very different. "In the extreme,.a man who sweats profusely and at high chloride concentration will lose far more
chloride under identical conditions than will a man who sweats moderately at low
chloride concentrations. These individual differences will affect strongly the
relative depletion of the two subjects, and may render the chloride balances
seemingly erratic. Exactly the same comments hold for sodium balance as affected
by individual idiosyncrasy.

In EXP IIU the dermal losses in the hard work groups diminished because an
accelerated testing schedule diminished the number of hours daily in hard work.

Experimental Period: Chloride Balance. Regardless of intake, practically
all regimens went into negative balance in EXP I (Table II. 23; Figures 11. 9
and III. 10). In EXP II, negativity was reduced in 32 of 38 comparisons, b'it
only in 2/20/78 2000 did it become positive (hard work) or near positive (light
work); 2/20/78 2000 provided the greatest salt intake of any experimental regi-
men. This "adaptatione to a low salt intake is a well known phenomenon. Ef-
fects of work load or dehydration are not striking.

One point that was clear in the cold weather study was the increased nitro-
gen intake tends to increase the negativity of chloride balance. If we rear-
range the data for the summer study, the same point is again evident. Regimens
of similar chloride intakes are listed below, together with nitrogen intake and
chloride balance. For this purpose, work load and dehydration have been disre-
garded, and EXP II data have been used.

EFFECT OF NITROGEN INTAKE ON CHLORIDE BALANCE

Regimen Chloride Intake Chloride Balance Nitrogen Intake

0/0 00(mEq/day) (mEq/day) (mdy

30/0/70 20000-4030/o0/7 1000 1 -50 120/100/0o 2000 0 -45 0...
30/0/70 2000 2 -95 24
2'/o7 oo 76• -35 1
15/52/33 1000 53 -56 6
19/52/33 2000 89 -53 11
2/20/76 2000 156 - 2 2
15/52/33 3000 126 -50 17

The table supports the conclusion that other factors being equal, increasing the
nitrogen intake also increases the negativity of chloride balance. This is
particularly true at low chloride intakes. Also, even under conditions of pro-
fuse sweating, chloride balance is more closely reached at high chloride intakes
when the nitrogen intake is small.

The magnitude of our negative balances is not surprising when it is re-
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called that the subjects were losing weight (Section C. I), were in negative
water balance (Section B. 2) and had lost a considerable amount of body water as
measured by D2 0 (Section Co 2). Therefore, they were certainly losing tissue
fluid continuously, and with it sodium and chloride. An *automatic" deficit
would therefore be expected in all subjects, especially at low chloride intakes.

Recovery Period. Even in REC I there was a return to approximately PRE I
intake. Stepwise rehabilitation permitted a further increase in ElM II. Urinary
chloride excretion increased in similar fashion. Dermal losses became lower in
the hard work groups, and higher in the light work groups than they had been in
EXP II. Balances became positive as the deficits of EXP I and EXP II were re-
paired. There is no clear correlation between the amount of positivity in REC
I and REC II, and previous work load, state of hydration, calorie intake or
nutrient mixture.

TABLE III. 19

PRE-PERIOD DATA ON
CHLORIDE INTAKE, OUTPUT, AND BALANCE

-(mFA/day)
PI PII

Flight Mean Range Mean Range

A. Intake
1 333 257-409 310 216-371
2 326 263-408 292 224-380
3 368 235-526 340 190-490
4 353 273-416 312 166-369
FRA ------------------

B. Urinary Chloride
1 279 16-34L2 222 127-308
2 242 167-313 224 155-294
3 270 148-387 239 59-331
4 260 150-329 246 100-333
FRA 159 109-208 170 62-257

C. Dermal Loss
1 30 15-61 76 33-113
2 34 14-92 73 26-159
3 43 23-77 116 68-194
4 40 9-101 76 30-122
FRA 43 21-81 86 31-174

D. Balance
1 +24 (-52)-(+11) +12 (-15)-(+56)
2 +50 (-18)-(+139) - 5 (-56)-(+42)
3 +55 (-43)-(+162) -15 (-70)-(+87)
4 +54 (-32)-(+124) -10 (-57)-(+32)

-RA ....---
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5. Sodium Balance

Introduction. In Section B. 4 it was explained that the estimates of
chloride balance may be erroneous because of large sweat losses, correction for
which had to be calculated; the exact accuracy of our estimates cannot be
guaranteed.

Pre-Periods, During PRE II, the weather became hot and humid. Appetites
were dulled, and sodium intake diminished. Urinary sodium excretion decreased
in three of four flights. Fecal sodium, small in amount in any case, was unaf-
fected, or increased very slightly. Sweating increased sharply, and with it the
dermal loss of sodium. Balances were positive in PRE I, but the effect of the
changes noted above caused the balance to become slightly negative in PRE II in
three of the four flights. These data are presented in Table III. 24 A, B, C,
D, and E. It should be emphasized that a usual American sodium intake is 150-
250 mEq/day, and that our subjects were ingesting substantially more than this;
they were on a high salt diet in the pre-periods.

Experimental Periods: Intake. Sodium intake varied widely from regimen to
regimen (Table III. 25). It was negligible in ST 0, 0/100/0 1000 and 0/100/0
2000o It was moderate in 2/20/78 1000, 15/52/33 2000, 30/0/70 1000, and
30/0/70 2000. It was quite high in 2/20/78 2000 and 15/52/33 2000 and 3000.
In none of the experimental regimens did it approach the intake of PRE II.

Experimental Periods: Urinary Sodium. Work load had some effect on urinary
excretion, presumably because the hard work Flights 1 and 2 sweated more than
the light work Flights 3 and 4. In EXP II, after equilibration was possible,
hard work regimens showed a lower urinary sodium in 12 of 18 comparisons
(Table III. 26). Intake also affected urinary excretion, the lowest excre-
tions being recorded in those regimens of lowest intake. Limitation of water
had no consistent effect, nor did nutrient ratio.

Experimental Periods: Dermal Sodium Loss. Dermal loss is a very individual
matter, depending on two major factors which are quite characteristic of the
individual, regardless of regimen: total sweat volume, and sweat sodium con.-
centration. In the hard work subjects, dermal loss diminished in EXP II as com-
pared with EXP I, because the accelerated testing program cut down somewhat on
their daily work. Dermal loss did not change among the light work flights.

No consistent correlation could be detected between dermal sodium loss and
the variables water intake, sodium intake, or nutrient regimen.

Experimental Periods: Sodium Balance. Scrutiny of the data in Table III*
28 and Figures IIl. 11 and III. 12 will be facilitated by a rearrangement of
data for EXP II according to calorie and sodium intakes; all subjects were
averaged, because work load had only a negligible effect, and water intake and
nutrient ratios had none so far as can be seen. Nitrogen intake is also in-
cluded because of the striking correlation it had with chloride balance.
EXP II has been chosen because of the known phenomenon of "levelling off* on a
low sodium intake, which requires about one week.
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SODIUM BALANCE VS. INTAKE

Regimen Sodium Intake Sodium Balance Nitrogen Intake

(mEq/day) (mEq/day) (gm/day)
0 Cal

0 -6h 0

1000 Cal
7100/ 2 -61 0
30/0/70 54 -28 12
2/20/78 77 -86 1
15/52/33 91 -39 6

2000 Cal
07TOO/O 5 -51 0
30/0/70 107 -22 2h
15/52/33 lh7 -20 11
2/20/78 15h 4-3 2

3000 Cal
157273 179 -16 17

*Even a large sodium intake did not permit balance to be achieved. However,
there was a tendency for higher intakes to promote less negativity within the
same nutrient ratio. In contrast to chloride balance (Section B. h) where
increased protein intake accentuated the chloride negativity, sodium balance
negativity at any given calorie level was if anything ameliorated by increased
protein intake. Perhaps we are not dealing with an effect of protein per se
on chloride balance, but with the acidoses produced by meat bar. Accui--Tat-on
of-organic acid would tend to drive out other anions such as chloride, leaving
sodium relatively untouched.

The chief generalization to be made on our subjects was that they were. almost all in negative sodium balance throughout the experimental period. It
is remarkable that there were no cases of heat cramp, which is usually attributed
to sodium and chloride depletion. Perhaps such cases would have appeared had
the experimental period lasted longer. We interpret the universal negativity to
mean much the same for both chloride and sodium. The subjects were losing
weight, and with it, tissue and tissue fluid. Therefore one would expect them
to be in negative balance with respect to sodium and chloride almost regardless
of intake. Increased calories would spare tissue, and would tend to be corre-
lated with diminished negativity.

WADC TR 53-48h, Part 3 129



TABLE III. 24

PRE-PERIOD DATA ON
SODIUM INTAKE, OUTPUT, AND BALANCE

(mEq/day)
PTI PII

Flight Mean Range Mean Range

A* Intake
1 352 279-U19 317 221-383
2 341 262-422 305 247-362
3 370 236-531 348 198-499
4 353 273-413 312 179-376
FRA " -- --

4

B. Urinary Sodium
1 262 154-335 227 164-320
2 227 159-320 227 153-286
3 274 153-386 234 67-342

4 270 143-343 234 85-329
FRA 157 95-237 151 59-240

C. Fecal Sodium *
1 1.6 0.0-3.7 3.0 0.8-8.1
2 1.8 0,8-3.8 2,2 0.7-5.3
3 1.6 0.8-2,8 1,6 0.9-4.2
h 1.4 1,0-3.1 1.3 0.6-3.9
FRA 1.6 o.8-6.2 1.9 0.9-5.2

D. Dermal Sodium
1 33 15-62 90 33-157
2 38 16-98 87 32-175
3 53 33-92 136 65-236
4 45 11-126 84 37-157
FRA 55 25-98 86 51-182

E. Balance
1 +55 (-39)-(+106) + 2 (-63)-(+64)
2 +69 (-58)-(+150) -16 (-84)-(+58)
3 +36 (-33)-(+149) -19 (-102)-(+86)
4 +35 (-5o)-(+107) - 8 (-63)-(+36)
FRA ---- -- -- "---------
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SODIUM BALANCE (Hard Work-Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROL

_4600- U L. U L U L U L U L

01400Ow

In 2007

e2 0 *N 13000 0/100/0 120 00 2/20/78 2000 15/52/33 2000 30/0/70 2000 CODE
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*EXPERIMENTAL PERIODS (Weeks)

FIGURE III* 11o SODIUM BMALANCE: HARD WORK*

SODIUM BALANCE (Light Work-Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 100 0 30/0/70 1000 CONTROL

S400-

E
_200-

-200 __
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< 400-
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FIGURE 1II. 12, SODIUM BALANCE: LIGHT WORK.
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6. Potassium Balance

Pre-Periods. There was about a 40% decrease of intake between PRE I and
PRE II, because the weather turned hot and appetites diminished (Table III.
29 A). Concomitantly, urinary excretion of potassium decreased by about 15%
in EXP II, and fecal excretion decreased very slightly (Table III. 29 B, C).
The onset of hot weather caused an increase of sweating, with a corresponding
increase of dermal loss (Table III. 29 D). Balances were positive in PRE I, as
would be expected among very young men, many still growing; in PRE II, balances
became negative except among the controls (Table III. 29 E).

Experimental Periods: Potassium Intake. No experimental regimen provided
much over half as much as was ingested in P•RE II (Table III. 30). Very small
intakes were recorded for ST 0, 0/100/0 1000 and 2000, 2/20/78 1000, and 30/0/70
1000. Low intakes were recorded for 15/52/33 1000 and 30/0/70 1000. Moderately 4
low intakes were recorded for 15/52/33 2000, 15/52/33 3000, and 30/0/70 2000.

Experimental Periods: Urinary Potassium. As compared with EXP II there was
a decreased urinary excretion of potassium in EXP I (Table III. 31). This
occurred in 16 of 20 comparisons in hard work, and in 17 of 19 comparisons in
light work. In EXP II there was a further decrease in hard work; it occurred in
19 of 19 comparisons. By contrast, there was an increase in light work in EXP
II; it occurred in 14 of 19 comparisons. The net result of these differences
was that in EXP II urinary excretion in hard work was less than in light work;
this occurred in 13 of 18 comparisons, regardless of intake. There was a rough
positive correlation between urinary excretion and intake, but excretion never
approached zero with zero intake. Limitation of water had no consistent effect.

Experimental Periods: Fecal Excretion. There was a tendency for fecal ex-
cretion to diminish in EXP I and EXP II as compared with PRE II (Table III. 32).
There was no apparent correlation with work load, water intake, potassium in-
take, or nutrient ratios.

Experimental Periods: Estimated Dermal Loss. In EXP I as compared with PRE
II, dermal loss was correlated with work load (Table III. 33)o In hard work, it
increased in 15 of 20 comparisons; in light work it decreased in 15 of 19 com-
parisons. There were no other clear correlations.

Experimental Periods: Potassium Balance. Scrutiny of the balance data will
be facilitated by a rearrangement of the data in Table III. 34 and Figures III.
13 and III. 14. Only EXP II has been tabulated. The major conclusion that can
be drawn from this table is that, regardless of potassium, calorie, protein, or
water intakes, all subjects tended to be in rather strong negative balance.
Furthermore, no convincing evidence exists for correlation among potassium V#J
balance and any other major variable.

5
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POTASSIUM BALANCE VS. INTAKE

Regimen Potassium Intake Potassium Balance (mEq/day) Nitrogen Intake
(mEq/day) (mg/day)

Hard Work Light Work
0 U L U L
WOCal

"T 0 -43 -69 -72 -86 0

1000 Cal

0/00 0 -54 .-67 -52 -59 0
2/20/78 3 -69 -35 -33 -69 1
15/52/33 21 -43 --- 83 -68 6
30/0/70 27 -43 -25 -34 -75 12

2000 Cal
ooo0 -51 -48 -47 -42 0
2/20/78 6 -36 -39 -99 -42 2
15/52/33 49 -18 -77 -79 -41 11
30/0/70 54 -42- -38 -27 -67 24

3000 Cal
57i52/33 62 -41 -16 -80 --- 17

We can only conclude that a common environmental or situational factor
existed which led to a "catabolic reaction"l among all subjects, regardless of
nutritional conditions. It is true that there was a general weight loss, but
the negative potassium balance did not correlate convincingly with the decrement
in body weight, and this fact would indicate that the source of potassium could
not be merely tissue potassium.

It is appropriate at this point to quote from the report of the winter
study, in which a similar conclusion with respect to potassium was reached: "We
are left with the conclusion that these experimental conditions led uniformly to
negative potassium balance in all groups of subjects. ... The explanation of
this nonspecific effect is not clear, but the most attractive hypothesis is
that there was a true catabolic phase in our subjects." The mean negative
balance for all groups in the winter study was 22 mEq/day; negativity was more
severe in the hot weather study, averaging for all groups 53 mEq/day.

Recovery Period. In spite of the controlled rehabilitation, intakes in REC
I approximated those of PRE I, and in EXP II, when intakes were free, potassium
intakes exceeded those of PRE I on the average, but only by about 15 mEq/day.

& • Urinary potassium in REC II was actually less than in PRE I in half the previously
hard work subjects, and in 15 of 19 previously light work groups. Fecal excretion
increased sharply to or above pre-period values. Dermal losses diminished with
the cessation of the field phase for hard work Flight 1 and 2 (16 of 19 compari-
sons) and also for the light work Flights 3 and 4 (15 of 19 comparisons). New
tissue was laid down, and balances became strongly positive, especially in REC
II. No convincing correlations could be found between the amount of positivity
in REC If, and previous work load, water intake, potassium intake, caloric in-
take, or nutrient ratios.
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TABLE III. 29

PRE-PERIOD DATA ON POTASSIUM INTAKE,
OUTPUT, AND BALANCE

(mEq/day)
Flight Mean Range Mean Range

A. Intake
1 142 53-186 94 49-109
2 127 71-170 90 70-113
3 149 87-194 96 39-122
4 132 88-163 95 46-112
FRA .---. 142 93-189

B. Urinary Output
1 83 41,112 60 35- 85
2 75 50-112 66 46- 85
3 79 41-109 64 35- 81
4 71 41- 96 66 42- 85
FRA 72 53- 96 94 60-131

C. Fecal Output
1 11 4-33 12 4-38
2 11 6-18 8 3-.12
3 12 5421 10 5-32
4 11 4-25 8 4-13
FRA It 6-35 15 9-30

D. Estimated Dermal Loss
1 19 6-41 29 12-57
2 18 12-31 34 18-70
3 26 7-60 39 14-73
4 25 7-4 6  38 21-87
FRA 18 10-25 29 18-39

E. Balance
1 +29 (- 7)-(+53) "- 7 (-46)-(+12)
2 +23 (-24)-(+6 0) -18 (-64)-(+15)
3 +32 (- 1)-(+85) -17 (-57)-(+23)
4 +25 (-21)-(+61) -17 (-56)-(+43)
FRA ..--------- + 6 (-50)-(+43)
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POTASSIUM__BALANCE__(Hard__Work -Summer_1955)
ST. 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROL
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-30 _ _ _ _ _ _ __ _ _ __

zr9 - _

NT 000 0/100/0 1000 2/20/78 2000 15/52/33 2000 30/0/70 1000 CONTRO
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'FIGURE 111. 13. POTASSIUM BALANCE: LIGHT WORK.
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7. Calcium and Phosphorus Balances (Winter 1954)

At the time the final report was submitted on the cold weather experiments
of 1954, analyses had not yet been completed on fecal calcium and phosphorus.
Therefore, a detailed discussion of calcium and phosphorus balances could not be
presented in the report of Sargent et al. (1954). What could be reported at. that time were intakes and urinary excretions. Having completed all the analyses
and computations, we wish to report at this time on the metabolic balances of
calcium and phosphorus for the 1954 study.

a. Calcium Balance (Winter 1954)

Pre-Period. Means and ranges for calcium intake, urinary calcium, fecal
calcium, and balances are given in Table III. 35. Owing to the omission of
certain calcium-rich dairy products, the dietary intake of calcium in P I and
P II was somewhat low by National Research Council standards, averaging about
0.8 gm. of Ca in each period. Urinary excretion of calcium remained almost the
same in P I and P II for all four flights. On the other hand, the fecal excre-
tion diminished between P I and P II in all flights. As a result, the balances,
which had been slightly negative in P I in all flights, in P II approached posi-
tivity and reached it in Flights 1, 2, and 4. Therefore, by the end of P II all
flights were substantially in calcium balance in spite of the intake of only about. 0.8 gm of Ca per day. The wide ranges displayed in the tables for calcium in-
take, urinary excretion, fecal excretion and balance are quite usual among
healthy young men.

Experimental Period. In all regimens in EXP I and EXP II the calcium in-
take was very low, a situation that was dictated by dietary considerations in
planning the regimens (Table III. 36). Between P II and EXP I there was a de-
creased urinary calcium excretion in 19 of 20 of the hard work regimens, and in
all 20 of the light work regimens (Table III. 37). In EXP II there was a
further decrease in 17 of the 20 hard work regimens and in 14 of the light work
regimens. There was a tendency for pure carbohydrate to depress the urinary ex.

* cretion. In all 40 regimens, values of less than 60 mg of Ca per day were ob-
tained in six regimens; four of these were 0/100/0. This interesting phenomenon
needs further investigation.

Fecal excretion of calcium tended to parallel the dietary intake (Table III.
38). Between PRE II and EXP I, it decreased in all 40 regimens; between EXP II
and EXP I, there was a further decrease in only 8 of the 40 regimens, and an
increase in 14. There was no convincing evidence of a systematic effect of work
load or water consumption.

All calcium balances were negative in all regimens in both EXP I and EXP
S•II) even in 15/52/33 3000 U and L (Table III. 39; Figures III 15 and III. 16).

There was little, if any, tendency to adapt to these low calcium regimens. The
balances among the 20 hard work regimens were more negative in EXP II than in
EXP I in 11, less negative in 8. Among the 20 light work regimens, there was
greater negativity in 6, and less in 12. Perhaps here there was a suggestion
that hard work tended to increase the negativity, but the evidence is not strong.
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We conclude that calcium balance was negative because all regimens were very

low in calcium*

Recovery Period, In REG I average intakes approached 1 gm of Ca/day, and
with the addition of milk products, calcium intake exceeded 1 gm of Ca/day in

all but one of the 40 regimens, Concomitant with these progressive increases
in intake, there were corresponding changes in urinary and fecal excretion,
especially in REG II, Balances tended to become positive in REG I* In the hard
work groups, 12 of 20 became positive in that period, and among the light work

groups 13 of 20 became positive. In REG II all groups became positive, some
very strikingly so. There was little evidence that previous hard work, limita-
tion of water, protein/carbohydrate/fat ratio., or calorie intake had any effect.,
The only clear correlation was with previous negativity.

In summary, we conclude that the calcium balance correlated mainly with
calcium intake in these studies. Water level, water intake, calorie intake,
and protein/carbohydrate/fat ratios had no apparent influence,

TABLE III. 35w

PRE-PERIOD DATA ON CALCIUM INTAKE, URINARY CALCIUM,
FECAL CALCIUMj, AND BALANCE (WINTER 1954)

S(gin Ca/day) l
-Flight Mean Range Mean Range

A* Intake
1 0.81 0./41-1.29 ... 0.74 0.42-1.21
2 0.87 0.3h-1.84 0.96 0.37-1.81
3 0.77 0.41-1.47 0.76 0.36-1.38
4 0. 70 0.34-1.19 O. 76 0,41-.1,8

B. Urinary Excretion
1 0,21 O.12-0.35 0.21 0.09-0-33
2 0.16 0,06-0.28 0.17 0,06-0,29
3 0.22 0.09-0,36 0.23 0.09-0.38

40.17 0.09-0.32 0018 0.09-0.29

C, Fecal Excretion
1 o.69 ....0.42-1.37..... 0.52 0,28-1.02
2 0.86 0.30-1.53 0.69 0.08-1.18
3 o.69 0.221-.07 0.54 0.15-1.04
4 o.64 0.27-1.12 o.57 0.19-1.00

D. Balance
1. -0.08 -0.83 to +0.29 +0,0i -0.38 to +0.37

2 -0.10 -0.94 to +Oo.44 +0.07 -0.25 to +0.61
3 -"0,23 -0,42 to +0,18 -0.O4 -0.72 to +0.31
14 -O.14 -0.62 to +0.56 +0.O3 -0.56 to +0,68
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CALCIUM BALANCE (Hard Work-Winfer 1954)
_ INTAKE ---- . ... BALANCE

ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000
U L U L U L U L U L

>1
a

0

(WINTR, 1 ,4)

INT .. ' 'AE I- .. -- BA ANCE

- N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000o U L U L U L U L U L

z
0

2-

<

/I ] T /

. *3-- It * '*

S.3 -

EXPERIMENTAL PERIODS (Weeks)

FIGURE III. 15. CALCIUM BALANCE: HAIGD WORK
(WINTER, 1954),

CALCIUM BALANCE (Light Work-Win5er 1954)
______ '_INTAKE __ ____ ---. BALANCE

ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000
AL L U L U L U I AL L

3- 3

E -2-

00

.2-

L.J a_ uj121 W ~ ubJIiadutl w UJUl I du W10.I Wk LU U 1n1 UWQu

EXPERIMENTAL PERIODS (Weeks)

FIGURE 111* 16. CALCIUM BALANCE: LIGHTW(IUC
(WINTER* 1954)
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b. Phosphorus Balance (Winter 1954)

Because of its central position in current schemes of intermediary metab-
olism in cellular activity, and particularly its contribution of high energy
bonds, phosphorus was of particular interest in the present study.

Pre-Period. Intake was substantial in both pre-periods (Table III. 40),
approximating the recommended dietary allowances of the Food and Nutrition
Board. As a result all flights were at the balance point in PRE II. Urinary
excretion was about the same during both weeks in all flights, and remained sub-
stantially unchanged in PRE II as compared with PRE I. On the other hand, fecal
excretion decreased in all flights after PRE I; it averaged 0.48 gm of P/day
in PRE I and 0.36 gm of P/day in PRE II,

There is nothing unusual about the pre-period data. All subjects received
adequate amounts of phosphorus, and were substantially in balance.

Experimental Period. Intakes were widely different during the experimental
periods (Table III. 41). In 16 regimens, intakes were extremely low: STO U and
L, 0/100/0 1000 U and L, 0/100/0 2000 U and L, and 2/20/78 1000 U and L. In
16 regimens intakes were moderately low, averaging 0.53 gm of P/day; 2/20/78
1000 U and L, 15/52/33 1000 U and L, 15152/33 2000 U and L, and 30/0/70 1000 U
and L. In 8 regimens, intakes approximated those of pre-period, averaging 1.09
gm of P/day: 155/2/33 3000 U and L, and 30/0/70 2000 U and L.

Urinary excretion of phosphorus exhibited some interesting changes (Table
III. 42). In EXP I there was a decrease in only 21 of the 40 regimens, a find-
ing that would not have been expected in view of the fact that intake was very
low or low in 32 regimens. Of special interest was a substantial increase in
all 30/0/70 regimens. In EXP II, values were lower than for PRE II in 29 of
the 40 regimens, and lower than for EXP I, in 31 of the 40 regimens. These find-
ings suggest an adaptive renal response to low phosphorus intakes. There was an
effect of limitation of water. If we take EXP I and EXP II together, 40 com-
parisons of U and L are possible. In 26 of these 40, urinary phosphorus was
greater in L than in U. Work load had some effect also. In EXP II, comparing
hard and light work regimens, excretion was greater among the hard work groups
in 13 of 20 comparisons, being especially pronounced in the low intake regimens.
Calories also had an effect. If we compare regimens in which the intake was the
same at two different calorie levels, excretion was less at the higher calorie
level in EXP II in:

STO vs. 0/100/0 1000 3 of 4 comparisons
0/100/0 1000 vs. 0/100/0 2000 4 of 4 comparisons
15152/33 1000 vs. 2/20/78 2000 3 of 4 comparisons
30/0/70 1000 vs. 15/52/33 2000 4 of 4 comparisons
30/0/70 2000 vs. 15152/33 3000 4 of 4 comparisons

Fecal excretion of phosphorus diminished in the experimental period (Table
III. 43)o PRE II was greater than EXP II in 38 of the 40 regimens. Dehydration
tended to cause a decreased excretion of phosphorus in 16 of 20 comparisons in
EXP II. Hard work and calorie intake had no special effect on fecal excretion,
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nor did phosphorus intake in EXP I and EXP II.

Mostly as a result of relative changes in phosphorus intake and urinary
excretion, phosphorus balance showed some striking changes in EXP I and EXP
II. (Table III. 44; Figures III. 17 and III. 18); fecal excretion had a sub-.ordinate position in these effects. In EXP I there was a strong negative bal-
ance in all 40 regimens. The same results were found in EXP II, except that in
one regimen balance was attained: 15/52/33 3000 L light work. During EXP II
there was a tendency toward some decrease in negativity; i.e., a less negative
balance than in EXP I, in 30 of the 40 regimens. Of the overall factors limita-
tion of water and physical work made no difference in the phosphorus balance.
Furthermore, phosphorus intake per se had surprisingly little effect. To be
sure, STO groups displayed the gare-st negativity of balance; however, starva-
tion was accompanied by calorie deficit of strong degree. The lack of cor-
respondence between phosphorus intake and phosphorus balance is well brought
out by averaging intakes and balances for all regimens (excluding STO) within
the groups of low phosphorus intake, intermediate phosphorus intake and high
phosphorus intake, as in the following table.

PHOSPHORUS BALANCES AND INTAKES
(Em' II, WINTER 1954)(gin P/day)

SMean Phosphorus
Intake Regimens Included Balance

A0/100/ 1000,0
0.05 0/100/0 2000, 2/20/78 1000 -0.54

2/20/78 2000, 15/52/33 1000,
0.47 30/0/70 1000 -0.46

15/52/33 2000, 15/57/33 3000,
0.97 30/0/70 2000 -0.36

SIt is clear that an increase of intake of as much as 0.5 gm, of P/day alleviated
the negative balance only to the extent of 0.1 gm of P/day.

Calorie intake did have some effect upon phosphorus balance. If we com-
pare regimens whose phosphorus intakes were substantially the same, but whose
calorie levels were different, the higher calorie intake had the least negative
balance as follows.

STO vs. 0/100/0 1o00 3 of 4 comparisons
0/100/0 1000 vs. 0/1O0/0 2000 3 of 4 comparisons
15/52/33 1000 vs. 2/20/78 2000 3 of 4 comparisons
30/0/70 2000 vs. 15/52/33 3000 4 of 4 comparisons

In general, we must conclude that there was operative a factor common to
all regimens and all subjects during EXP I and EXP II which forced them into
negative phosphorus balance; phosphorus intake and calorie intake acted only
to a minor degree in alleviating the negative phosphorus balance. It is tempt-.
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ing to postulate a catabolic reaction, caused by exposure to environment and
field conditions.

Recovery Phosphorus intake during REC I became some 0.5 to 1.0 gm of P
greater than it had been in PRE II. During REC II, addition of dairy products
to the diet raised the phosphorus intake to very high values, exceeding 3.0
gm of P/day in many subjects.

Urinary excretion in REC I remained surprisingly low; in spite of the
higher intake in REC I, urinary excretion in PRE II was higher in 37 of the 40
regimens. In REC II, urinary excretion increased again, but the increase by no
means corresponded with the dietary increase in REC II.

Fecal phosphorus on the average was excreted in larger amounts in REC I
than in PRE II in 37 of 40 regimens. This difference apparently was due to some
inability of the subjects to absorb phosphorus as well in REC I as in PRE II1
because in REC II, in spite of a substantial further increase of phosphorus
intake, the fecal excretion did not rise correspondingly, in fact, it actually
declined in 11 of 40 regimens.

Balances became positive in REC I in all 40 groups, and in REC II became
more positive in all groups, corresponding to an increased intake. If we ex-
amine not merely the relationship of balance to intake, but compute a Outiliza-
tion index", the results are quite informative when PRE II is compared with
REC I and REC II (Table 111* 45). The utilization index is defined as
(Intake / Excretion) x 100. It changes in relationship to balance. If the
subject is just in balance, intake equals excretion, and the index is 100. In
negative balance, intake is less than excretion, and the index is less than 100,
In positive balance, intake is greater than excretion and the index becomes
greater than 100.

In PRE I, the subjects' "phosphorus utilization indices" were very close
to 100, which corresponds with their known approach to true balance. In REC I,
all indices were well above 100, ranging from 136 to 226. In REC II, indices
were even higher, ranging from 141 to 2.3. These data are entirely consistent W
with the hypothesis that there was an anabolic phase during both REC I and REC
II, during which phosphorus was being extracted from the ingested food, and
being laid down in the tissues at a phenomenal rate. Apparently previous status
of work, hydration, calorie intake, or phosphorus intake had but little direct
controlling relation to this anabolic phase, for all subjects showed it to a
marked degree. By the end of REC II all subjects had made up, or more than made
up, the phosphorus deficits which they had incurred in EXP I and EXP II.

4
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TABLE Iii. 4o w

PRE-PERIOD DATA ON PHOSPHORUS INTAKE,
URINARY PHOSPHORUS, FECAL PHOSPHORUS, AND

PHOSPHORUS BALANCE (WINTER 1954)
(gin P/day)

Flight Mean Range Mean Range

A. Phosphorus Intake
1 1.37 0.55- 2.Ob 1.21 0.68 - 1.89
2 1.49 0.78 . 2.33 1.47 0.81 - 2.24
3 1.29 0.79 - 2.20 1.34 0.99 - 1.59
4 1.34 0.98 - 1.59 1.26 0.96 - 1.56

B. Urinary Phosphorus
1 0.97 0.61 1.32 0.90 0.62 . 1.28
2 0.91 0.65 1.21 0.96 0.67 - 1.40
3 0.98 0.73 - 1.21 0.92 0.66 - 1.18
4 0.88 0.72 - 1.05 0.90 0.69 - 1.10

C. Fecal Phosphorus
1 0.48 0.2 - 0.74 7.33 0.14 - 0.64
2 0.58 0.24 - 1.19 O.hO 0.09 - 0.70
3 0.44 0.20 - 0.08 0.36 0.11 - 0.59
4 0.42 0.14 - 0.84 0.34 0.11 - 0.67

D. Phosphorus Balance

1 -0.08 -0.38 to + 0.51 .0.02 -0.70 to + 0.23
2 -0.02 -0.41 to + 0.51 +0.10 -0.23 to + 0.65

3 -0.13 -0.60 to + 0.21 +0.06 .0.23 to + 0.38
14 +0.02 -0.38 to + 0.47 +0.03 -0.39 to + 0.32
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TABLE III. 45W

"UTILIZATION INDEX"* PHOSPHORUS, (WINTER 1954)
Experimental Hard Work Light Work
Regimen Pre Rec Pre Ree

I I II I I II

ST 0 U 101 136 200 109 139 17-4
L 115 167 196 88 174 161

o/1op/p u 79 154 165 99 221 169
1000 L 111 170 161 89 171 199

0/100/O U 107 146 161 109 157 171
2000 L 107 149 141 109 201 179

2/20/77 U 115 162 200 107 206 151
1000 L 103 117 213 115 190 225

2/20/75 U 92 135 146 109 156 196
2000 L 93 125 179 115 183 211

15/52/33 U 95 141 145 118 156 157
1000 L 104 2h8 202 101 203 165

15/52/33 U 109 121 .140 103 159 159
2000 L 106 149 205 97 143 186

15/52/33 U 95 112 143 92 117 243
3000 L 109 150 147 lO4 170 207

30/6/70 U 107 167 142 107 226 " 177T
1000 L 110 156 211 101 155 213

30/0/70 U 93 157 163 105 147 173
2000 L 104 219 165 123 200 233
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PHOSPHORUS BALANCE (Hard Work-Winter 1954)
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8. Calcium Balance (Summer 1955).

Introduction. The sweat calcium is relatively small in concentration as
compared with sweat sodium, chloride, and nitrogen. Furthermore, sweat calcium
concentration does not vary with rate of sweating to nearly the same extent as
do sweat sodium and sweat chloride. Therefore, we can trust our estimate of
dermal calcium loss, and therefore the balance figures.

Pre-Period. In PRE I intake approximated 1 gm of Ca/day (Table III.
35 A); in PRE II, intake diminished to 0,7 gm of Ca/day. Urinary calcium ex-
cretion diminished slightly between PRE I and PRE II, except in the controls,
whose intake was large (Table III. 35 B). Fecal calcium diminished between
PRE I and PRE II in Flights 2, 3, and 4, but increased in Flight 1 and the
controls (Table III. 35 C). Balances diminished in Flights 1, 2, and 3 be-
tween PRE I and PRE II, and increased slightly in Flight 1; and the controls
were in balance (Table III. 35 D). We interpret these balance results to be
directly correlated with the different calcium intakes in PRE I and PRE II, and
not to a direct effect of hot weather.

Experimental Period: Intake. Dietary planning necessitated the omission
of dairy products from alMl experimental regimens. Therefore the calcium in-
takes were very low in all regimens (Table III. 36). Tap water accounted for
up to 0.02 gm of Ca/day. In the regimen of largest intake, 15/52/33 3000, the
intake was still only 0.26 gm of Ca/day. In short, we could consider the
calcium intake of all regimens to be very low*

Experimental Period: Urinary Calcium. There tended to be a diminution of
urinary calcium excretion in both experimental weeks. In EXP I or EXP II, or
both, the excretion was lower than in PRE II as follows: hard work, 18 of 20
comparisons; light work, 18 of 19 comparisons (Table III. 37). Controls did
not vary. Hard work tended to diminish the urinary calcium excretion. In
EXP II, hard work subjects were lower than the paired light work subjects in
11 of 18 comparisons. Very low excretions were measured for the pure carbo.
hydrate diets, but there was no other consistent correlation with intake.
Neither did limitation of water, calorie intake, or nutrient ratio have any
apparent effect.

Experimental Period: Fecal Calcium. From subject to subject, fecal cal-
cium excretion is widely different; it is almost an individual characteristic.
It tended to decrease in EXP I and EXP II among those regimens which cause a
marked diminution of fecal bulk: ST 0, 0/100/0 1000 and 0/100/0 2000 (Table
IIl. 38). Otherwise there were no convincing correlations with work load,
water intake, nutrient ratios, or calorie intake.

Experimental Period: Dermal Loss. The sweat contributed about as much
calcium loss as did the urine and feces (Table III. 39). It tended to be only
slightly higher in hard work than in light work. It did not diminish signif-
icantly between PRE II and EXP II, and it did not correlate with any of the
major variables.
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Experimental Period: Calcium Balance. We interpret all of the calcium
balances to mean that negativity was invoked in all subjects by a low calcium
intake (Table III. 40; Figures III. 19, III. 20). Amount of negativity was not
convincingly correlated with calcium intake, work load, nutrient ratios, or
calorie intake. In hard work there was only one suggestive correlation: corn-.paring water limited and unlimited, balance was less negative in limited
groups in seven of nine comparisons. This correlation did not hold in light
work. The controls remained in positive balance at all times, their consump-
tion of milk being substantial.

Recovery Period. Intakes increased to 0.9 gm of Ca/day in REC I and to
about 1.3 gm of Ca/day in REC II. Urinary excretion increased in REC I, as
did fecal excretion. In REC II, urinary excretion tended to increase slight-
ly further, but fecal excretion did not. Estimated dermal loss changed rela-
tively little. Calcium balances still tended to be negative in REC I, al-
though the severity of the negativity diminished as compared with EXP II. In
REC II all subjects approached balance and the great majority of them became
positive.

0
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TABLE III. 35S

PRE-PERIOD DATA ON
CALCIUM INTAKE, OUTF¶JT, AfD BALANCE

(gm/day)
PI PIIT

Flight Mean Range Mean Range

A. Intake
1 1.09 0.•33-1 F 0.68 0.32-0.82
2 0.97 0.53-1.41 0.67 0.44-0.84
3 1.21 0.67-1.72 0.70 0.35-1.02
4 1.04 0.64-1.32 0.71 0.3 8 -0.84
FRA 1.93 1.29-3.61

B. Urinary Calcium
1 0.20 9.07-0.31 0.17 0.05-0.32
2 0.16 0.03-0.28 0.15 0.03-0.26
3 0.25 0.09-0.42 0.22 0.08-0.4o
4 0.21 0.08-0.34 0.18 0.06-0.32
FRA 0.20 0.06-0.35 0.22 0.04-0.31

C. Fecal Calcium K9
1 0.92 0.24-2.42 0.97 0.24-2.22
2 0.72 0.20-1.36 0.43 0.09-0.74
3 0.88 0.32-1.147 0.62 0.33-1.42
4 0.92 0.31-1.36 0.44 0.20-1.00
FRA 1.40 0.66-3.03 1.56 0.61-3.32

D. Balance
1 -0.10 (-1.5h)-(+0.76) -0.60 (-1.89)-(+0.32)
2 +0.01 (-0.47)-(+0.67) -0.05 (-0.37)-(+0.23)
3 -0.04 (-0.53)-(+0.80) -0.32 (-1.12)-(+0.02)
4 -0.20 (-0.69)-(+0.07) -0.06 (-0.50)-(+0.28)
FRA ----- 0.02 (-0.47)-(+0.27)
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CALCIUM BALANCE (Hard Work-Summer 1955)
ST. 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROL

U L U L U L U L U L

9 - .3-" ý i

O N 3000 0/100/0 2000 2/20/78 2090 15/52/33 2000 30/0/70 2000 CODE

U L U L U L U L U L

F E 1AIntEkH: W0+1.5- 
_

FIU . 19 CALCIUM BALANCE i Work-Summe WORK(SUME 1955)-

CALCIUM BALANCE (Light Work-Summer 1955)

ST. 0 0/100/0 2000 2/20/78 1000 15/52/33 1000 30/0/70 2000 CONTROD
U L U L U L U L U L

0+1-

•+ 3-

"-. 9-

ir N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2CO0 30/0/70 2000 CODE
0 U L U L U L U L U L

C .3-v P 3

FIGRE• 1T'r. 20. CALCIU BAAN.CE: LIGHT WORK
(SUME 1955).
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9. Phosphorus Balance (Summer 1955)

Introduction. There is a negligible concentration of phosphorus in sweat;
some observers ave asserted that there is none at all. Therefore, balance
calculations can be made without the necessity for making any assumptions on der-.mal loss, and we can trust our balance data because intake, urinary excretion,
and fecal losses were all accurately measurable.

Pre-Period. Intake for both PRE I and PRE II was at or above National
Research Council recommended allowances (Table III. 41 A). The onset of hot
weather in PRE II caused appetites to diminish, and intake of phosphorus to de-
crease. Urinary phosphorus was less in PRE II than in PRE I, except among the
controls (Table 111. 41 B). Fecal phosphorus also diminished, except among the
controls (Table III. 41 C). Balances were positive in PRE I and diminished in
PRE II, but still remained positive (Table III. 41 D).

Experimental Period: Phosphorus Intake. Intake was zero in ST 0, 0/100/0
1000 and 2000; it was low in 2/20/75 1000; it was moderately low in 2/20/78 2000,
15/52/33 1000, and 30/0/70 1000; it was fairly high in 15/52/33 2000, 15/52/33
3000, and 30/0/70 2000. Among the controls, it was high (Table III. 42).

Experimental Period: Urinary Phosphorus. Phosphorus excretion by way of
the urine never reached low levels in any groups of subjects. It tended to be
highest among subjects of the highest intake (Table III. 43). Work load had
some effect. If we take EXP II because of a possible "stabilization" period in
EXP I, then hard work excretion was greater than for the same regimen in light
work in 12 of 19 comparisons. Limitation of water tended to increase urinary
excretion; in hard work, 8 of 9 comparisons; and in light work seven of nine com-.
parisons. Increase of calories within a given hard work regimen decreased the
urinary excretion: in hard work, in six of nine comparisons; in light work this
correlation did not exist.

Experimental Period: Fecal Phosphorus. After PRE II, fecal phosphorus
excretion diminished in all regimens, except in the controls (Table III. 44).
It became least in regimens which produced the least fecal bulk: ST O, 0/100/0
1000, and 0/100/0 2000. No other clear correlations existed with work load,
water intake, phosphorus intake, nutrient ratios, or calorie intake,

Experimental Period: Phosphorus Balance. The data in Table III. 45 and
Figures 1ii. 21 and ili. 22 are better scrutinized if rearranged:
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PHOSPHORUS BALANCE IN EXP II

Balance (gm P/day)
Regimen Intake U L U L

(gm P/day) Hard Work Light Work

ST 0 0 -0.50 -1.03 -0.98 -0.93
0/100/0 1000 0 -0.72 -0.55 -0.&T -0,53
2/20/78 1000 0.16 -1.17 -0.48 -0.43 -0.61

51/52/33 1000 0.34 -0.49 -0.44 -o.ll
30/0/70 1000 o.59 -0.61 -o.54 -0.31 -o.56
0/100/0 2000 0.00 -0.76 -0.63 -0.39 -0.29
2/20/78 2000 0.41 -0.18 -0.24 -0.25 -0.28
15/52/33 2000 0.74 -0.28 -0.34 -0.15 -o.14
30/0/70 2000 1.19 -0.24 -0.32 -0.21 o.58
15/52/33 3000 1.08 +0.07 +0.2h 0.00 ---

Controls 2.06 +0.21 ............

Work load had some slight effect: in light work, negativity was less in
11 of 18 comparisons. Water limitation increased negativity in 10 of 18 cases.
Calorie increase at a given phosphorus intake decreased negativity in six of
eight comparisons at zero intake; in four of four comparisons at intake over
1 gin of P/day; in four of four comparisons at intakes 0.59 and 0.74 gm of
P/day; and in three of three comparisons at intakes of 0.34 and 0.41 gm of
P/day. Most striking, increasing the phosphorus intake at a given calorie in-
take did not uniformly ameliorate a negative phosphorus balance.

We must conclude that situational factors invoked or tended to invoke a
catabolic reaction such that phosphorus balance became negative and stayed
negative even with fairly large phosphorus intake.

Recovery Period: Phosphorus intake increased in REC I to values above
PRE II; there was a further increase in REC II, during which unrestricted feed-
ing was permitted. In REC I, urinary excretion increased above that of EXP II
in 29 of 38 possible comparisons. This increase was very small in comparison
to the intake. A further small increase tended to occur in REC II. Fecal ex-
cretion increased by about 0.3 gm of P in REC I over EXP II. In REC II, in
spite of an increased intake, fecal excretion decreased in 28 of 38 possible
comparisons. We interpret this to mean a change for the better in gastro-
intestinal absorption of phosphorus.

In REC I phosphorus balance became positive in all groups of subjects re-
gardless of previous regimen. There was no correlation between the positive
balance recorded, and previous phosphoris deficit. In REC II, there was a
further increase in positivity corresponding fairly closely with the increased
phosphorus intake in that period.

Comparison of Phosphorus Balance in Cold, Temperate, and Warm Environments.
Remarkably similar results were obtained on the average for the cold, temperate,
and hot studies (Table III. 46). It would be difficult to ascribe such differ-.
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ences as obtained to cold weather or hot weather. Rather, the striking fea-
tures are universal negativity at all levels of intake except in 15/52/33 3000
and controls, and the ameliorating effects of calories at any intake. We are
dealing, therefore, with a general effect of nutrient regimen and not environ-
mental factors.

TABLE Ill. 41

PRE-PERIOD DATA ON
PHOSPHORUS INTAKE, OUTPUT, AND BALANCE

(gm P/day)
P I P II

Flight Mean Range Mean Range

A. Intake
1 2.84 1.24-3.66 1.91 0.98-2.31
2 2.57 1.38-3.46 1.88 1.43-2.41
3 3.07 1.92-3.96 1.96 0.88-2.61
4 2.76 1.89-3.34 1.97 0.97-2.29
FRA ---- 2.65 1.93-3.80

B. Urinary Phosphorus
1 1.16 0.76-1.60 0.94 0.69-1.18
2 1.09 o.65-1.44 0.99 0.81-1.26
3 1.27 0.62-1.70 1.06 0.67-1.34
4 1.16 0.62-1.45 1.05 0.75-1.20
ERA o.94 0.53-1.40 1.21 0.83-1.45

C. Fecal Phosphorus
1 0.57 0.21-0.99 0.43 0.22-1.36
2 0.50 0.25-0.91 0.31 0.16-0.47
3 0.63 0.33-1.01 0.41 0.22-1.37
4 0.53 0.29-0.95 0.31 0.19-0.60
FRA 0.67 0.38-1.26 0.82 0.30-1.55

D. Balance
1 +1.08 (+O.28)-(+l1.79) +0.55 (-0.20)-(+1.04)
2 +1.01 (+0.09)-(+1.66) +0.62 (+0.25)-(+1.24)
3 +1.18 (+0.20)-(+1.92) +0.49 (-0.45)-(+0.89)
4 +1.07 (+0.36)-(+1.71) +0.61 (-0.15)-(+0.98)
FRA ------ -------------- +0.62 (+0.30)-(+1.12)

.4,
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TABLE III. 46

COMPARISON OF PHOSPHORUS BALANCE IN EXP II,
COLD, TEMPERATE, AND HOT ENVIRONMENTS

Regimen Phosphorus Balance, gm P/day
(Average all subjects)

Cold Study Temperate Study Hot Study
1954 1953 1955

ST 0 -0.86 -0.71 -0.86
0/100/0 1000 -0.68 -0.63 -0.64
0/100/0 2000 -0.56 -0.51 -0.52
2/20/78 1000 -o.68 -o.45 -0.67
2/20/78 2000 -0.36 -0.63 -.0.29
15/52/33 1000 -O.h5 -o.48 -o.46
15/52/33 2000 -0.3h -0.34 -0.23
30/0/70 1000 -o.65 -0.59 -0.51
30/0/70 2000 -0.49 -0.31 -0.34
15/52/33 3000 -0.24 +0.05 +0.10
Controls ----- +0.21

PHOSPHORUS BALANCE (Hard Work-Summer1955)

o ST 0 0/100/0 1000 2/20/78 1000 15152133 1000 30/0/70 1000 CONTROL
U L U L U L U L U L

a'+4.O ___ 

___ ___

0 1.0- oB =
ir14I jo

0 -. 0-i

- N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000 CODE
;...,0... U L U L U L U L U L

+3,0, Intake

+0

0+1.0 Balnce

a. o.~

c, 0 • -' i . . . .o..o - L ' U A0 14' '-I I,- V 1

0- .0-
x TT

1• - .0 - .1!11!u2 i2!l=!le 12!12! ul~ n1!l= 1 !n~t!l= 12!l2 112 12! 11 12 112 1 121Uz I11211 I2 1 2 1 ~ tO211 I 1 •!I2 121 u12

~~~~~~~~ xj~jj ,j4 ow, woa w a ' w a w a a.wj
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FIGURE III. 21. PHOSPHORUS BALANCE: HARD WORK
(SUMMER 1955).
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PHOSPHORUS BALANCE (Light Work-Summer 1955)
S ST 0 0/100/0 1000 2/20/78 10 00 15/52/33 1000 30/0/70 1000 CONTROL

CL+3.0 -. . - " _ , _ ." --T20

0 o-w I . . .. I• W ' • i " ' ..
-J o-l ýj* "ý

0,-2.0-
N 3000 0/100/0 2000 2/20/78 2000 15/52/33 200C 30/0/70 2000 CODE

Z+4.0. U L U L U L .U L U L

o.+3.0- •Intake :

U)+2.0" %ý I ,, 7 'd .!

,0I Ii I I. -LJ-
()•I- 1.0"I b l I/' '

=_ .0

a- . - W I I
X I t iXi W X1 1 I ICU X )<UI U w2 W X U t• X UW= X Ui I X U XII U• X
i io 0- WX a- • W 0. W = 0- w 0 .M t• . Qt 0.

EXPERIMENTAL PERIODS (Weeks)

FIGURE III. 22. PHOSPHORUS BALANCE: LIGHT WORK
(SUMMER 1955).

10. Acid-Base Balance

Urinary Acidity. Two measures of urinary acidity were used: (a) titrable
acidity and (b) pH (by glass electrode). Both these determinations were
carried out on the urine collected during the weekly three-hour test. The pre-

* period means and ranges for these measures of acidity for the five groups of
subjects are summarized in Table III. 47. The subjects of the four flights who
were subsisting on 5-in-l ration did not secrete a urine which differed sig-
nificantly in acidity from that of the subjects on the FRA ration.

a. Urinary pH

The data in Table III. 48 reveal that there were large changes in the
acidity of the urine during the course of the investigation.

Control Subjects. Subjects who subsisted on Field Ration A actually ex-
hibited relatively few variations in the urinary pH.

WorkLoad. There was a striking tendency for the subjects who were per-
forming hard work during the experimental periods to excrete more acid in their
"urine than the subjects who were performing light work at the same time. This
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trend is especially noteworthy in the case of subjects subsisting on 0/100/0
1000 and 2000 and 15152/33 1000, 2000, and 3000. Subjects on 2/20/78 1000 and
2000, 30/0/70 1000 and 2000, and starvation were apparently uninfluenced by the
relative work load.

Water Intake. An even more constant trend is noted in the effect of water
on the excretion of acid. The majority of the subjects who subsisted on limited l
water excreted more acid urine than the subjects who subsisted on unlimited
amounts of water. The effect of limitation of water is more striking in EXP I
than in EXP II, for during the former period the limitation of water was more
stringent. In EXP I it occurred in hard work in ten of ten comparisons; in light
work it was present in six of nine comparisons.

Nutrient Combinations. With one exception, the subjects excreted a more
acid urine during the experimental period than they did during the pre-period.
The degree of acidity was generally greatest among the subjects who ate meat
bar or who were starved. Similar changes were produced by the 0/100/0, 2/20/78,
and 15/52/33 regimens. Taking into account the effect of limitation of water,
it is true that the subjects on 15/52/33 2000 and 3000 exhibited the least devia-
tion from the pre-period level of urinary pH. The results of this 1955 summer
test are in striking contrast to those of the 1954 winter study. A number of
subjects studied in the latter investigation, particularly those subsisted on
0/100/0 and 2/20/78, excreted strong alkaline urines. In fact, a number of the
men had pH's exceeding 8.0. No such values were observed among the subjects of
the hot weather test.

Recovery. In general, all of the subjects showed an increase in alkalinity
of their urine during the recovery period. In some instances, the degree of
alkalinity was very large, and frequently the pH rose to levels of 7.5 and
above, Examples of this are seen in the hard work groups among the subjects
who had been eating 15/52/33 2000 L and 30/0/70 1000 and 2000 L. Among the
subjects doing light work such a trend is seen among those who had been on
0/100/0 2000 L and 30/0/70 1000 U. It is also striking that in many cases the
subjects who had been on limited water passed a more alkaline urine during the
recovery period than those who had been on unlimited water. The influence of W
limitation of water is more striking among the subjects who had performed hard
work than among those who had performed light work. These various observations
strongly suggest that during hot weather, limitation of water had an adverse
effect on the acid-base equilibrium of the subject.

5
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TABLE III. 47

PRE-PERIOD DATA ON URINARY pH AND TITRABLE ACIDITY
PI PII

.Flight Mean Range Mean Range

A. Urinary pH
1 6.78 4.92-7.70 7.11 5.38-7.96
2 6.46 5.40-7.85 6.95 5.68-8.43
3 7.4o 6.68-7.98 7.29 5.81-8.20
4 7.o4 5.23-7.83 6.70 5.35-7.89
FRA 6.79 5.48-7.98 6.68 5.55-8.04

B. Titrable Acidity, microequivalents/min
1 4.85 0.00-23.5b 2.53 0.00-16.59
2 9.49 0.00-26.25 5.07 0.00-18.40
3 0.33 0.00- 7.02 2.18 0.00-14.55
4 2.72 0,00-17.23 7.19 0.00-44.54
FRA 6.74 0.00-17.01 9.52 0.00-31.0o4

b. Titrable Acidity

C Both in tabular form (Table III. 49) and graphically (Figures III. 23 and
III. 24), in general, we find a striking confirmation of the several trends
observed in our analysis of the urinary pH. To reiterate, subjects on limited
water had higher values of titrable acidity than subjects on unlimited water
during the experimental period, but during the recovery period these same
subjects tended to put out almost no titrable acidity. Hard work tended to
accentuate the output of total urinary acids, and starvation and meat bar
(30/0/70) were the nutrient combinations which provoked the greatest increase
of acid output during the experimental period. It is quite probable that the
great increase in titrable acidity can be ascribed to the large output of. ketone bodies associated with subsistance on such regimens.

5
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ACID-BASE BALANCE: URINARY ACIDITY (Hard Work)
(SUMMER 1955)
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FIGURE III. 23. ACID-BASE BALANCE: URINARY ACIDITY
(HARD WORK).

ACID-BASE BALANCE: URINARY ACIDITY (Light Work)
(SUMMER 1955) 5
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FIGURE III. 24. ACID-BASE BALANCE: URINARY ACIDITY

(LIGHT WORK).
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c. Ketonuria

Urine was collected under three different conditions from all subjects
throughout the period of study. During the three-hour test a resting urine
was collected over an interval of two hours. Prior to beginning the heat
acclimatization test the subjects emptied their bladders. Immediately on term-
inating the one-hour march a urinary specimen was collected. This specimen was
identified as the exercise urine. The subjects then returned to their barracks
and after a one-hour rest, a post-exercise urine was collected. Each of these
specimens was examined for the presence of ketone bodies by the method of
Rothera (Sargent et al., 1954, 1955). In addition, daily 24-hour urinary speciw
mens were collected from each of the subjects from Day 12 through Day 22 and
were similarly examined for ketone bodies.

Resting Urine. During the pre-period only one subject excreted a resting
urine which tested positive for ketone bodies during the two pres.periods
(Table III. 50). In the experimental periods resting ketonuria was frequently
observed among the subjects doing hard work (Table III. 50). The resting urine
was positive for ketone bodies among men on ST 0; 2/20/78 1000 and 2000;
30/0/70 1000 and 2000; and 15/52/33 1000 and 2000. The intensity of the reac-
tion generally was low among men on 15/52/33 regimens. None of the subjects on
0/100/0 1000 and 2000; 15/52/33 3000; and Field Ration A ever excreted urine
testing positive for ketone bodies. There was no consistent tendency for the
reaction to increase or decrease when EXP I was compared with EXP II. Water in-
take had no influence on ketonuria.

Among the subjects doing light work (Table III. 50) ketonuria was observed
in urinary specimens collected frcm men subsisting on STO; 2/20/78 1000 and
2000; 30/0/70 1000 and 2000; and 15/52/33 1000. Among the men doing light work,
15/52/33 2000 and 3000 and O/100/0 2000 did not cause any ketonuria. One man
on 0/100/0 1000 exhibited a trace in EXP II. With this exception there is
really little difference between light and hard work groups. The same conclu.
sions regarding water intake and adaptation to a high fat regimen made for the. hard work groups applies to the light work groups. During both recovery periods
the resting urinary specimens were uniformly negative for ketone bodies.

Exercise Urine. During the pre-periods not a single subject showed even a
trace of ketonuria (Table III. 51). Among the urines collected during EXP I
the distribution of positive reactions was very similar to that already noted
for resting urine. The notable exceptions were the absence of any ketonuria
among men on 2/20/78 2000 and 15/52/33 1000 and 2000. Among the men on 30/0/70
2000, there was a striking reduction in the intensity of the reaction,
especially among the men doing light work (Table III. 51). Starving subjects,
on the other hand, show no such amelioration of ketonuria. Urines were uni-

• formly negative in both recovery periods.

Post-Exercise Urine. During the one-hour rest following the heat acclimati-
zation test, there was no post-exercise ketonuria while the subjects were on the

W 5-in-I ration (Table I1. 52). In EXP I the distribution of positive reactions
was very similar to that observed in the exercise urines. Here the notable
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exception is the pure carbohydrate regimen. This regimen caused men in the
light work flights to excrete urine which twice gave strongly positive reac-
tions, namely a +1 and a +4. Five of the urines when tested yielded a brown
color reaction which quickly faded. This type of reaction is atypical and is
probably not caused by the presence of acetone and acetoacetic acid in large
amounts. With this exception there is little evidence to support any claim
for the presence of the well known post-exercise ketonuria (Sargent and Con-
solazio, 1950). This of course, is not unexpected, for the output of urinary
ketone bodies following exercise does not reach its maximum until approximately
five or six hours have elapsed.

Twenty-Four Hour Urine. In the pre-periods, 168 daily urine specimens
were tested among men who were subsisting on 5-in-I ration (Table III. 53).
None of these were positive for ketonuria. Similarly, 22 specimens were collect-
ed for men on FRA rations and likewise these were uniformly negative (Table
III. 54).

In the experimental periods 713 daily urinary specimens were collected from
men on the several experimental nutrient mixtures and 99 from the FRA subjects.
Among the latter, there was an exceedingly low incidence of ketonuria (Table
I1. 54). In fact, only 6 specimens reacted at the +3 or +4 level. In con-

trast, many of the experimental nutrient combinations were associated with con-
sistent occurrence of ketonuria. Strongly positive reactions (+3 or +4) were
present (Table III. 55) in the daily urine specimens collected from men subsist-
ing on ST 0, 2/20/78 1000 and 2000, and 30/0/70 1000 and 2000. Occasional speci-
mens from men on other regimens also tested strongly positive for ketone bodies.
Three subjects doing hard uork excreted, once each, urine testing +4: 0/100/0
2000 U in EXP I1, 0/100/0 2000 L in EXP I, and 15/52/33 1000 U in EXP II.
There was one similarly reacting subject among the men doing light work, This
subject, who was subsisting on 15/52/33 1000 L, passed on one occasion a urine
testing +4 in EXP II. We consider these occasional strongly positive reactions
to be anomalous, principally because the finding was not repeated.

A conclusion reached from study of the 1954 winter data was that 250 gm
of pure carbohydrate were not sufficient to prevent completely the occurrence
of moderate ketonuria. If we define moderate ketonuria as a +2 reaction, we
then find in the summer data (Table III. 53) that among subjects doing hard work
there was one +2 reaction in a subject on 0/100/0 1000 and three +2 reactions
among subjects on 0/100/0 2000. In the light work groups there were seven spec"
imens testing +2 among subjects on 0I00/0 1000 and two specimens testing +2
on 0/O0/0 2000. This finding does not agree with Gamble's (1947) report that
200 gm of carbohydrate are sufficient to inhibit ketonuria. Actually, our pre-
vious findings are extended. These results suggest that whether it be summer or
winter, a pure carbohydrate diet does not necessarily inhibit ketonuria.

Since a careful record was kept of atypical color reactions in the course
of conducting the Rothera test, it is possible to report that ten subjects during
the first experimental period excreted a substance, or substances, in the urine
that caused such color reactions as blue-purple, purple-brown, blue, green,
green-brown, and yellow (Table II1. 56). Of the 10 subjects passing atypically
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reacting urine, seven were subsisting on the 0/100/0 regimen. The other three
were starving (ST 0). This reaction may be related to the occurrence of the
brown-color reaction noted when testing the post-exercise urine (Table 11. 52),
The only difference is that in the latter case all incidences were confined to
light work subjects; whereas in the case of daily specimens all atypical reac-Stions were noted among men doing hard work. In the case of the post-exercise
urines there were five which tested brown; all five specimens were collected
from men on pure carbohydrate. We have not previously seen such atypical reac-
tions. It may be that the presence of color reacting substances was detected in
the summer urine and not in the winter urine simply because the men excreted a
more concentrated urine during the summer than during the winter. What the sig-
nificance of these colors might be is difficult to say. It may be that they
represent ingestion of heat processed carbohydrates. Such a relationship was
established during field tests of World War II by R. M. Kark and his associates
in the course of the Prince Albert Trials (1944).

A
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TABLE III. 50

RESTING KETONURIA: HARD WORK(0 to +h)
Experimental PRE EXP REC

Regimen I II I II I II
ST 0 U 0,0,0,0 0,0,0,0 4,4,k 0 0,0,0 0,0,0

L 0,0j,00 0,0,0,0 3s,4,)4 3,3,h,h 0,0,0 0,o0,0
0/Iop/0 U 0,0 0,0 0,0 0 0 0

1000 L 0$0 0,0 0,0 0,0 030 0,0
0/100/0 U 0,0 0,'0 0,0 0,0 0,90 0,0

2000 L 0 00 0,0 0,0 0,0 0,0
2/20/o7 U 0o,0 0,0 3,4 4 0 0

1000 L 0,o0 0o,0 O, 3,94 0 0
2/20/77 U 0,0 0,0 2,94 3 0 -

2000 L 0,00 0,0 0,tr 1,2 0,0 0.0
15/52/33 U O,0 0 tr,2 tr,3 0,0 0,0

1000 L 0,0 0 tr 1 ... ...
15/52/33 U 0,0 0,0 0,0 tr 0 0

2000 L 0,0 0,0 0 4 0 0
15/52/33 U 0,0 0,0 '0,0 0,0 0,0 0,0

3000 L 0,0 0,00 0,0 0,0 0,0 0,0
30/0/70 U 0,0 0,0 4,p 49,4 0,0. 0,01000 L O0 ,0t, 0 0 0

30/0/70 U 0..0 0,00 1j,4 2,.4 0,0 0 ,o02000 L • 0,0 0,00 0P2 1A '* O 'V, 0•0
FRO* 0 0 0 " 0 ..... 0 0 '

*All subjects on Field Ration A excreted urine negative for ketone

bodies.
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TABLE III. 50 (Contd.)

RESTING KETONURIA: LIGHT WORK
(0 to +4)iExperimental PRE UXP REC

O Regimen I II I II I II
ST 0 U 0,0'0 VO OOO0 1i,4..,4 12,4, " oO0, 0 1o0•o

0oo 0,o0 4s4 4A4 0,0 0$0
L 020AO0 OOjOsO 4j,4..4.4 4A4 0,,0,,0,0 020.90

1000 L 0,0 0,0 0,0 0,t0 0,0 OO
0/100/0 U 0,0 0,0 0,0,0 0,0,0 0,0 0,0

2000 L 000 0,0 0 0 0 0
2/20/78 U 0,0 0,0 0 4 0 0
1000 L 0,0 0,0 3A 3A 0$0 00

2/20776 U 0 0 O,0 tr,4 0,0 0,O
2000 L 0 0,0 0,l tr 0 0

15/52/33 U OO O,'O 0,0 0,0 0. 0,00
1000 L 0,0 0,0 0$0 1$1 0,0 t0O

15/52/33 U 0,'0 0,00 ..0 0.0 0 0,0..
2000 L O,tr 00 0o,0 0o,0 0,0 00

"15/52/33 U 0,0 0,0 0,0 '0,0 0,00 0,00
3000 L 0,0 0,90 o ' Doo

3070770 U 0 0 0 ? 0
1000 L 0,0 OO 4.4 0A 0,0 0,0

30/0/70 U oo 0'0 0,3 0,2 0,0 0.,0
2000 L 0,0 0,0 tr 1 0 0

FRA* 0 0 0 0 0 0

*All subjects on Field Ration A excreted urine negative for ketone
bodies,

0

0
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TABLE III. 54

PERCENTAGE DISTRIBUTION OF DEGREES OF
KETONURIA AMONG CONTROL (FRA) SUBJECTS

(Daily Specimens)
Intensity of Reaction

Phase No. of Specimens 0 tr +1 +2 +3 +4
PRE 22 100.0 0.0 0.0 0.0 0.0 0.0
EXP I 77 74.0 18.2 1.3 3.9 1.3 1.3
EXP II 22 63.6 13.7 0.0 4.5 13.7 4.51

TABLE III. 55

REGIMENS ASSOCIATED WITH OCCURRENCE OF 3+ OR L4+ KETONURIA*
Hard Work Light Work

ST 0 ST 0
0/100/0 2000 2/20/78 1000
2/20/78 1000 2/20/78 2000
2/20/78 2000 155/2/33 I000
155/2/33 1000 30/0/70 1000
30/0/70 i00o 30/0/70 2000
30/0/70 2000

wAll subjects, regardless of water intake#
Both experimental weeks included.

TABLE III. 56

ATYPICAL ROTHERA REACTIONS
(daily specimens)

Subject No. July Nutrient Mixture Reaction
2 ST 0 U 4 Blue-purple
3 9 ST O U 4 Purple--brown
6 10 0/100/0 1000 U 0 Blue
7 10 0/100/0 2000 U 0 Blue
8 8 0/100/0 2000 U 0 Green

9 3 Green-brown
10 0 Yellow

23 6 ST O L 2 Brown
27 6 0/100/0 1000 L 0 Green-brown

8 0 Green
9 0 Green

10 0 Green
28 .8 0/100/0 1000 L 0 Green

9 0 Brown
10 0 Green

29 6 0/100/0 2000 L 0 Green-brown
8 0 Green
9 0 Brown

10 0 Green
30 6 0/100/0 2000 L 0 Green-brown

9 0 Blue
10 0 Green
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11. Carbohydrate and Fat Intakes

Introduction. The temperate study of 1953 and the cold weather study of
1954 led to the same conclusions with respect to "carbohydrate craving" and "fat
craving" after a period of restriction. First, "carbohydrate craving" did notW ppear in subjects whose experimental period intakes were 2000 Calories or more.

lecond, severe calorie deprivation (intakes of 0 or 1000 Cal) combined with a
low intake of carbohydrate led to "carbohydrate craving" in recovery. Third,
"fat craving" was noticeable in REC II in subjects whose experimental regimens
had been low in calories and low in carbohydrate (2/20/78 1000 and 30/0/70 1000).
It will be interesting to scrutinize the data for the hot weather study of 1955
in these respects. Inasmuch as work load had no significant effect upon the
"results, the data have been averaged for hard and light work groups together;
carbohydrate intake is shown in Table III. 57, fat intake in Table III. 58.

Carbohydrate Intake. All flights were eating items from the 5-in-l in both
pre-periods. During PRE I, the intake averaged about 480 gm/day. With the on-
set of hot weather, appetites diminished and intake in PRE II averaged only
about 400 gm/day. During experimental periods, dietetic planning called for
0 intake in ST 0. 30/0/70 1000 and 30/0/70 2000; for low intakes in 2/20/78 1000,
2/20/78 2000, and 15/52/33 1000; intermediate intake in 0/100/0 1000 and
15/52/33 2000; and large intakes in 0/100/0 2000 and 15/52/33 3000. These planned

*intakes were achieved.

During REC I, rehabilitation was planned and controlled, and'food intake
increased stepwise. Therefore, "carbohydrate cravings if it existed, is to be
sought only in REC II, when intakes were not limited. The lowest intakes were
recorded, on the average, for N 3000 and 2/20/78 2000; the highest for ST 0
subjects and subjects previously on 2/20/78 1000. Within regimens there was an
average correlation with calorie intake. In all comparisons except 30/0/70
1000 and 2000, carbohydrate consumption was greater in subjects who had been on
1000 Calories per day in experimental periods. This finding is in agreement
with those of the temperate and winter studies. However, in the present hot

*weather study "carbohydrate craving" in rehabilitation appeared independently
1of the carbohydrate content of the experimental regimen, and this finding is

different from those of the temperate and cold weather studies.

Fat Intake. During pre-periods fat intake declined from an average of
about 130 gm/day in PRE I to about 120 in PRE II. Dietary planning called for
zero fat intake in EXP I and II in ST 0, 0/100/0 1000 and 2000; for small
amounts in 15/52/33 1000; for moderate amounts in 2/20/78 1000, 155/2/33 2000,
15/52/33 3000, and 30/0/70 1000; and large amounts in 2/20/78 2000 and 30/0/70
2000. These intakes were achieved according to plan. In REC I rehabilitation
was controlled, so that evidences of "fat craving" should be sought only in
REC II, when the subjects were permitted to eat without restriction of quantity.

Although there was no apparent correlation between fat intake in REC II and
work load or water intake in experimental periods, there was a correlation with
previous calorie consumption. In all comparisons except 30/0/70, subjects prew

*viously on 1000 Calories of a given regimen ate more fat than subjects previous-
ly on 2000 Calories. In the case of 30/0/70, this correlation was reversed,
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No clear correlation existed between fat intake in recovery and experimental
protein/carbohydrate/fat ratios. For instance, the largest average fat intake
in REC II was for subjects previously on 2/20/78 1000 but an almost equally
large intake occurred among subjects previously on 0/100/0 1000. These find-
ings are different from those of the temperate and cold weather studies, in
which caloric deprivation combined with a low carbohydrate intake led to "fat
craving".

General Conclusion. All three studies led to one commQn conclusion; in
rehabilitation after severe caloric deprivation, intakes of fat as well as car**
bohydrate are large. This must mean that there is a craving for food, regard-
less of protein/carbohydrate/fat ratios and no specific "fat craving" or "car.
bohydrate craving". On the basis of their field observations Johnson and Kark
(1947) reached a similar conclusion for cold weather; i.e., that there is no
convincing evidence for a specific "fat craving" in the cold.

TABLE III. 57

CARBOHYDRATE INTAKE*
(gm/day)

Experimental PRE EXP REC
Regimen I II I II I II

ST 0 u 952 433 0 0 362 692 696
L 481 406 0 0 378 699 696

0/I00/0 U 462 .414 252 252 366 626 661
1000 L 481 413 252 252 375 696

0/100/0 U 486 1475 50o4 5014 141 627 614
2000 L 464 351 504 504 421 600

2720778 U 455 416 46 46 384 69 6
1000 L 446 384 46 46 382 638 668

2/20/73 U 4o0 1438 914 914 1415 564
2000 L 444 404 94 94 394 521 552

15/52/33 U U454 1416 135 135 356 610 618
1000 L 413 376 135 135 393 626

15/52/33 U 474 484 268 268 419 645
2000 L 442 400 268 268 428 552 598

15752/33 U 558 525 451 401 416 551
3000 L 495 484 401 401 407 586 584

30/0/70 U 447 443 0 0 356 614 600
1000 L 421 388 0 0 350 592

30/0/70 U 445 430 0 0 422 644 616
2000 L 406 383 0 0 415 587
*Hard and light work groups combined

**Mean REC II, U+L
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TABLE III. 58

FAT INTAKE*
(gm/day)

Experimental PRE EXP REC
Regimen I II I II I II

ST 0 U 129 122 0 0 96 166 172
L 132 120 0 0 92 177

0/100/0 U 138 125 0 0 90 169 174
1000 L 138 130 0 0 85 178 17

0/100/p U 134 124 0 0 112 156
2000 L 137 107 0 0 I14 163 160

2/20/77 U 135 116 59 89 56 196
1000 L 134 122 89 89 88 159 178

2/20/75 U 126 114 179 179 114 148
2000 L 132 121 179 179 109 174 161

15/52/33 U 135 114 38 3 '88 163
1000 L 134 124 38 38 92 182 172

15/52/33 U 130 131 76 76 114 162
2000 L 132 128 76 76 116 172 167

15/52/33 U 146 .14 115 115 ill 164
3000 L 143 140 115 115 116 146 155

S307070 U 126 121 75 75 86 1 156
1000 L 132 125 75 75 85 163 156

30/0/70 U 137 137 151 151 ii4 14 1
2000 L 128 120 151 151 114 160 172
*Hard and Light work groups combined

**Mean REC II, U+L
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12. Osmotic Balance

We regard the concept of osmotic equilibrium of the body to be import-o
ant in interpreting normal and pathologic changes, just as is the concept of
acid-base equilibrium. These two concepts do not conform to standard think-
ing on nutrient balance; e.g., in the case of nitrogen, schematically, true
balance involves two parameters only:

INTAKE OF NUTRIENT -4 URIN BANC NEI- EXCRETION

a) Renal
b) Gastrointestinal
c) Dermal
d) Pulmonary

The term "acid-base balance" involves three parameters:

INTAKE OF POTENTIAL ENDOGENOUS EVENTS
---4 --- EXCRETION

ACIDS AND BASES ACID-BASE EQUILIBRIUM
a) Renal
b) Gastrointestinal
c) Dermal

d) Pulmonary
Customarily, intake and excretion of acids and bases are not measured; total
endogenous production is difficult, if not impossible, to measure. However,
two types of acidosis and alkalesis are generally recognized: respiratory
and metabolic. What is actually measured is acid-base equilibrium at a given
moment, in terms of pH, H2 CO3 -- . H++HCO3 "; H3PO4i - H++H 2 PO4"; and organic

acids,

We propose that a similar generalizing concept of "osmotic balance%* is
possible in terms of three parameters:

INTAKE OF POTENTIALLY ENDOGENOUS EVENTS

OSMOTICALLY ACTIVE -- -- EXCRETION

SUBSTANCES PLUS WATER OSMOTIC EQUILIBRIUM
a) Renal
b) Gastrointestinal
c) Dermal
d) Pulmonary

The fundamental measurements would be osmolar concentration in the body
fluids, total body water, and total osmotic content of the body. The first
might be assumed to be proportional to the serum osmolarity; the second can
be measured directly; the third cannot at present be measured, but could be
calculated from the first two: Osmolarity-(total osmotic content) (total
body water).
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An important assumption has to be made in calculating "osmotic content"

from serum osmolarity and total body water; viz., that extracellular and

intracellular fluid and solutes exist in an equilibrium which correlates with

the total body water and the serum osmolarity. It is conventional to regard

sodium and chloride as extracellular, potassium and phosphate as intracellular,
and water and urea as freely exchangeable between extracellular and intra-

cellular spaces. However, there has to be some kind of coordinated movement
of all these substances such that in a sense they are mathematically related
in the several compartments. For want of anything better, we shall assume that
serum osmolarity is correlated somehow with the sum total of osmotic activity of
the body. All the classical assumptions listed above neglect the possibly im-.
portant place that the "skeletal sodium reserve" may hold in the homeostasis
bf extracellular fluid. This "reserve" amounts to about 1/3 of the total body
sodium, and over half of it seems to be readily exchangeable. Its potential
importance in relation to sodium turnover is obvious and yet as of the present
very little is known about its normal variations and its control.

Calculations of "osmotic content* in our subjects have been made according
to the equations

"Total Osmotic Content" w (D20 Space, liters) x
(Serum Osmolar Concentration Osm/liter).

This derived number showed a very slight increase among the control sub-
jects between PRE II and EXP. Among the experimental subjects it decreased a-
mong all subjects except those on 15/52/33 2000 Hard Work. There was no clear
correlation with work load, water intake, calorie intake, or "osmotic intake.*
In other words, this derived number changed in the exDected way between con-
trols and experimental subjects, but was not discriminatory among regimens.

Thinking that the total osmotic content should be correlated with body
size, we recalculated the data in Table III. 59 in terms of percentage of body
weight at the time of observations, as shown in Table III. 60. This derived
number, "total osmotic percentage concentration of body," has some interesting
characteristics. It was remarkably constant from subject to subject, the over-
all range being 17.22 to 20.56 in PRE II. It increased very slightly between
PRE II and EXP among the control subjects, and decreased among all experimental
subjects except 2/20/78 U Hard Work, 15/52/33 2000 U and L Hard Work, 30/0/70
1000 L Hard Work, 0/100/0 1000 U Light Work, and 2/20/78 2000 U Light Work.
There was a small tendency for restriction of water to result in a greater drop
in this number than occurred in unlimited water subjects, but this was not a
consistent trend. There were no clear correlations with osmotic intake, calorie
intake, or nutrient ratios.

In short, the measurements that we have of deuterium oxide space and serum
osmolarity do not seem to be a completely satisfactory source of calculation
on bodily osmotic depletion. Therefore, other measurements must be sought
which will permit quantitative expression of osmotic status. Apparently
factors not correlated with serum osmolarity are important.

We have tried to utilize urinary excretion of osmotically active substances
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TABLE III. 59

"TOTAL OSMOTIC CONTENT OF BODY"*
(Osmols)

Experimental HARD WORK LIGHT WORK
Regimen PRE II EXP A PRE II EXP A

ST 0 U 12.59 11.00 -1.59 14.08 12.03 -2.05
L 11.86 9.62 -2.24 13.62 10.99 -2.63

0/100/0 U 12.58 10.94 -1.64 12.66 12.2b -0,38
1000 L 10.63 9.68 -0.95 14.35 10.79 -3.56

0/100/0 U 13.44 11.59 -1.85 14.10 13.04 -1.06
2000 L 11.88 10.84 -1.04 12.71 11.93 -0.78

M/20/77 U 13.36 13.05 -0.33 12.85 11.75 -.1I0
1000 L 11.86 9.59 -2.27 13.04 11.22 -1.82

2/20/77 U 14.30 14.53 +0.23 12.42 12.24 -0.15
2000 L 12.52 11.48 -1.04 14.70 13.26 -1.44

15/52/33 U 13.31 12.25 -1.06 14.12 12.76 .,0.16
1000 L 12.58 10.91 -1.67 12.90 12.01 -0.89

15/52/33 U 10.90 11.36 +0.46 15#04 14.41 .- 0.63
2000 L 13.09 13.65 +0.56 13.47 12.54 -0.93

15/52/33 U 11.35 10.52 -0.53 14.93 .14.05 -0.586
3000 L 13.06 11.53 -1.53 ... ... ----

30/0/70 U 13.54 12.23 -1.31 11.89 10.62 -1.27
1000 L 12.71 11.97 -0.74 12.36 11.23 -1.13 0

30/0/70 U 13.50 12.59 -0.91 11.09 10.74 -1.15
2000 L 12.47 10.52 -1.95 15.79 12.90 -2.89

FRA 14.26 14.58 +0.32 14.26 14.58 +0.32

*Calculated as total osmols from the equation:
"Total Osmotic Content" w (D2 0 Space, liters) x (Serum Osmolarity,
Osm/liters).

as a correlate of osmotic status. An analysis of data from both the cold
weather study and the hot weather study is of considerable interest in this
respect, in that it does suggest that dietary intake and urinary excretion
are very closely related, even in the face of caloric deficit and endogenous
production of ketone bodies which are excreted in the urine. The data are
summarized in Figures III. 25 and I1. 26, and in Tables II1. 61, II. 62,
III. 63, and III. 64.

Several assumptions had to be made for this calculation. First, it was
assumed that all protein ingested was metabolized and the nitrogen was ex-
creted as urea. Second, it was assumed that the preponderant substances for
osmotic activity in the urine are normally urea, sodium, potassium, chloride,
and phosphate (dibasic plus monobasic). Third, it was assumed that the minute
osmotic excretion in the "three hour test" in the summer study and the minute
osmotic excretion in the twenty-four hour samples in the winter study could be
compared directly. Accordingly, "osmotic intakes" were calculated according
to the hypothesis:
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"Osmotic Intake" w Urea Intake (calculated from nitrogen intake,
gin/day, ! 28) + Phosphorus Intake (calculated from gm P/day x
1000/32 x 1.5) + Sodium Intake + Potassium Intake + Chloride Intake.

All of these values were measured and have been recorded in appropriate sec-
* tions above. "Osmotic Intake" for the winter study is given in Table IMie

61; and for the summer study in Table III. 62. There were small differences
in the two studies, especially in the 15/52/33 regimens. The range was from
effectively 0 to about 1000 mOsm/day. For calculation we omitted starvation
as being anomalous.

With these intakes as y, and the daily osmotic excretion as x (Table III.
63), straight regression lines were calculated by the method of least squares
according to the hypothesis:

"Osmotic Intake" - a + b x (Osmotic Excretion).

The results are shown in Figure III. 25. Excellent correlation coefficients
were obtained for both the winter and the summer study, with satisfactorily
small standard errors of measurement. For low intakes and excretion, the two
sets of data are very close. However, with increasing intakes and excretion,

O they diverge markedly.

In order to try to explain this divergence, we argued that the sweat gland
would compete with the kidney for osmotically active substances, and therefore
in the summer study urinary excretion for a given intake would be less than in
the winter. This hypothesis was tested by adding to the values for the summer
urinary excretion the values calculated for dermal loss of nitrogen, sodium
potassium, and chloride calculated for the balance calculations (Table III. 64).
(An addition of 20% was made to account for the deficit in sweat between known
osmotic total concentration and the sum of measured constituents. This phenom-.
enon will be discussed in detail in a later section on composition of sweat.)
The sum of (urine + sweat) was then fitted against "osmotic intake4 by the. method of least squares, and another excellent fit was obtained (Figure III.
26).

At the lower end of the lines, the winter and summer data are in the same
population, up to intakes of about 600 mOsm/day. Thereafter, they diverge.
We have not yet been able to explain this interesting difference between
winter and summer results. If we say that osmotic balance is achieved when
urinary excretion equals intake (winter study) or when (urinary + dermal)
excretion equals intake (summer study) then the winter subjects never achieved
balance at any intake. However, the summer subjects did achieve balance at
intakes of just under 1000 mOsm/day. We are at a loss to explain this differ-
ence, but postulate that there was a continuing "cold diuresis" in the cold
weather study, with loss of extracellular fluid not operative in the hot weather
study.

Clearly there is a close correlation between intake and excretion, and for
S want of any better definition we shall continue to use the following: "Osmotic
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state is correlated with minute urinary osmotic excretion. When the output
exceeds the calculated intake, osmotic depletion will ensue." This definition
leaves much to be desired. It does not account satisfactorily for endogenous
events, notably ketosis and fluctuations in carbon dioxide metabolism and
retention, which Meschia and Barron (1956) have emphasized as important in,
osmotic balance. The definition also might break down in the face of actual
renal pathology, in which osmotic excretion may be impaired. Finally, it does
not make possible a direct comparison of conditions of minimal sweating and
conditions of profuse sweating, when extra-renal excretion of osmotically
active materials may actually exceed renal excretion.

In spite of its defects, however, this approach to osmotic depletion has
led to fruitful generalizations, and there is no doubt that the concept of
osmotic balance is very important. With a quantitative knowledge of deuterium
oxide space, dietary intake, and urinary osmotic excretion, we can begin te
distinguish rationally between osmotic retention and osmotic depletion; and
among hypohydration, normal hydration, and excessive hydration. Furthermore,
we can begin to describe osmotic balance in terms of exogenous intake, endogenous
events, and the relative effects of various avenues of osmotic excretion.
Again, we can discuss within this general framework the generally recognized
types of hydropenia: salt depletion hydropenia; pure water depletion hydro-
penia; and mixed water and salt depletion hydropenia. We add another sort of
hydropenia to these categories: osmotically obligatory hydropenia which occurs
when the sum of protein and salt intake is large, and water intake is inade-v
quate to handle these normally.

5
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TABLE III. 60

"TOTAL OSMOTIC PERCENTAGE CONCENTRATION OF BODY"
(Osmols/100 kg bod weight)

"ExperTimental HARD WORK LIGHT WORK
Regimen PRE II EXP A PRE II EXP A

ST 0 U 19.34 18.11 -1.23 20.25 19.03 -1.22
L 19.30 17.32 -1.98 20.89 18.38 -2.51

0/100/0 U 18.48 17.35 -1.13 20.46 21.36 +0.90
1000 L 18.13 17.93 -0.20 21.81 17.49 -k.32

"0/100/0 U 19.93 18.27 -1.66 20.22 18.84 -1.38
2000 L 17.06 16.47 -0.59 19.88 19.30 -0.58

2/20/78 U 20.40 21.24 +0.84 18.04 17.51 -0.53
1000 L 18.96 16.35 -2.61 20.24 18.48 -1.76

2/20/76 U 19.50 20.65 +1.15 17.22 17.66 +O...
2000 L 19.25 18.46 -0.79 21.79 20.04 -1.75

15/52/33 U 15.78 18.49 -0.29 20.10 19.45 -0.65
1000 L 20.52 18.84 -1.68 19.94 19.62 -0.32

15/52/33 U 18.96 20.21 +1.25 19.80 19.76 -0.04
2000 L 20.91 22.47 +1.56 20.73 19.82 -0.91

15/52/33 U 1i.55 17.51 -0.74 19.9b 19.24 -0.74
3000 L 20-46 18.51 -1,96 20.18

30/0/70 U 19.02 18.60 -0.42 18.79 17.74 -1.05
1000 L 17.68 17.76 +0.08 19.70 18.96 -0.74

30/0/70 U 16.52 18.14 -0.35 19.20 16.36 -0.52
2000 L 19.95 17.93 -2.02 22.43 19.18 -3.25

FRA 19.10 19.29 +0.19 19.10 19.29 +0.19

TABLE III. 61

"OSMOTIC INTAKE"--WINTER 1954-EXP
(mOsm/day)

Experimental Regimen N Na K Cl P Z
ST 0 0 1 0 0 0 1
0/100/0 1000 0 6 0 0 0 6
0/100/0 2000 0 9 0 0 0 9
2/20/78 1000 46 78 3 79 3 209
2/20/78 2000 79 154 6 155 9 403
15/52/33 1000 200 62 22 37 9 330
15/52/33 2000 407 178 42 90 15 732
15/52/33 3000 593 212 61 110 22 998

A, 30/0/70 1000 429 55 28 1 12 525
30/0/70 2000 811 104 53 2 24 994
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FIGURE III. 25. DAILY OSMOTIC EXCRETION IN URINE VS.
CALCULATED DAILY INTAKE OF POTENTIALLY OSMOTICALLY
ACTIVE MATERIALS.

FIGURE III. 26. "OSMOTIC INTAKE" VS. OSMOTIC EXCRETION
IN URINE AND SWEAT (WINTER 195% AND SUMMER 1955).

WL
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"OSMOTIC INTAKE" VS. OSMOTIC EXCRETION IN URINE
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TABLE III. 62

"OSMOTIC INTAKE"--SUMMER 1955--EXP
(mOsm/day)

E~erimental Regimen N Na K Cl P E

ST O 0 1 0 0 0 1
0/100/0 1000 0 6 0 0 0 6
0/100/0 2000 0 9 0 0 0 9
2/20/78 1000 46 76 3 78 3 206
2/20/78 2000 79 153 6 156 9 403
15/52/33 1000 196 89 22 53 7 367
15/52/33 2000 407 146 49 89 15 706
15/52/33 3000 600 177 63 126 22 988
30/0/70 1000 429 53 27 1 12 522
30/0/70 2000 850 106 55 2 24 1037

TABLE Il. 63

OSMOTIC EXCRETION--EXP II
(mOsm/day)

Experimental Regimen Winter 1954 Summer 1955
Urine Sweat*

ST 0 670 402 186 58
0/100/0 1000 370 208 208 416
0/i00/0 2000 315 194 186 380
2/20/78 1000 716 372 269 649
2/20/78 2000 902 506 263 769
15/52/33 1000 602 470 248 718
15/52/33 2000 1123 557 229 786
15/52/33 3000 1246 701 262 963
30/0/70 1000 1054 544 148 692
30/0/70 2000 1547 722 210 932

*Sweat = osmols due to N (as urea) + Na + K + Cl
**Sum of urine osmols + sweat osmols,

TABLE III. 64

DAILY OSMOTIC LOSS IN SWEAT--SUMMER 1955
(mOsm/day)

('as urea)7

Expmerimental Regimen N Na K CI X "True**
S5T 0 33 45 -31 ....46 ... 155 16
0/100/0 1000 42 52 35 44 175 208

0/100/0 2000 40 44 30 41 155 186 0.
2/20/78 1000 39 81 27 77 224 269

2/20/78 2000 39 71 37 72 219 263
15/52/33 1000 39 61 41 66 207 248
15/52/33 2000 38 56 43 54 191 229
15/52/33 3000 47 63 44 64 218 262
30/0/70 1000 34 32 26 31 123 148
30/0/70 2000 37 52 34 52 175 210

*"True" is defined as Z of N, Na, K, Cl with addition of 20%.
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C. BODY COMPOSITION

1. Body Weight

Pre-period data for body weight are summarized in Table III. 65. The.means indicate that, on the average, the five groups did not differ much
insofar as weight was concerned. The remarkable fact is the constancy of the
weight from P I to P II. Only the FRA group changed appreciably; they gained
1.3 kg. These men probably gained because of the greater freedom of their
dietary regimen.

The mean maximum weight losses for those subjects who completed nine full
days of the 40 experimental regimens are given in Table III. 66. Only in the
case of two regimens--15/52/33 1000 L, Hard Work, and 15/52/33 3000 L, Light
Work--were all subjects eliminated because of infectious disease. All other
regimens are covered by at least one man. There are five men for ST 0 U, Light
Work, because Subject 54 refused to eat his ration of meat bar (30/0/70 1000).

Certain trends are evident in the data of Table II. 66. Maximum weight
loss occurred among those men who were starved and the least weight was lost
by those men who ate the 3000-Calorie nutrient mixture. The weight losses were. intermediate in the cases of men on the 1000- and 2000-Calorie regimens, the
former losing more weight than the latter. Among most regimens limitation of
water and work load had little consistent effect on maximum weight loss (see
below). The meat bar and the 15/52/33 3000 regimens, however, did show the
expected accentuation of weight loss by limitation of water and hard work.
Most likely the greater weight loss under these conditions was caused by the
large obligatory urine volume (high solute load) and the resultant exaggerated
negative water balance.

The day-by-day variations in body weight during the experimental and re-
covery periods are illustrated in Figures III. 27 and 111* 28. The arrows in-
dicate when extra water was given to the subjects on restricted intake of. water. This water was allowed because some men on limited water developed
anhidrosis and hypohidrosis. Study of Figure III. 27 for men performing hard
work brings out several significant facts. First, weight losses tend to be
proportional to caloric deficit. Men on ST 0 lost the most weight; men on
15/52/33 3000 (N 3000) lost the least weight. Second, the rate of weight loss
and the magnitude of the weight loss were not influenced by the water intake
among those men on ST 0, 0/100/0 1000 and 2000, and 2/20/78 1000. These
regimens are low in osmotic activity and tend to produce voluntary dehydration
by their failure to provoke thirst. Third, when the osmotic intake was in-
creased, men on restricted water lost weight much more rapidly than men on un-

j. limited water. This reaction was present among men subsisting on 2/20/78
2000 (high salt), 15/52/33 1000, 2000, and 3000, and 30/0/70 1000 and 2000
(high protein). Maximum weight losses, however, were not greatly different
for the simple reason that men on restricted water were given increased allow-

* ances. From the slopes of the curves for these men it is evident that they
"would have rapidly become seriously dehydrated if additional water had been

Swithheld. As it was, three men on limited water became anhidrotic before the
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extra water was allowed; eight became markedly hypohidrotic. Fourth, in the
case of the 30/0/70 regimen, the influence of caloric intake was offset by the
influence of osmotic drain on body water. Men on 2000 Cal/day lost almost as
much weight as those on 1000 Cal/day. The same trends of body weight may be
seen in Figure III. 28 for men performing light work.

In the recovery periods, most of the subjects regained the weight lost
during the experimental periods. In point of fact, a number of men even
gained some additional weight. Early in recovery, the regain was rapid. Late
in recovery the rate of weight gain was much less. In several instances the
weight stabilized. These trends strongly support previous observations made
during the 1953 temperate study and 1954 winter study. In the face of strongly
positive caloric balance, little change occurs in body weight. No satisfactory
explanation of this phenomenon has been forthcoming.

TABLE IIT. 65

PRE-PERIOD DATA ON BODY WEIGHT
(kg)

P I P II
Flight M Range M Range
1 66.63 57.3-89.1 66.9 57.4L-8.6 ,e
2 64.2 52.4-82.6 64.2 52.6-82.0
3 69.4 56.0-78.4 69.6 56.2-77.7

4 66.1 56.2-87.8 66.1 56.2-88.4
FRA 72.7 63.3-84.6 74.0 64.0-84.7

TABLE Ill. 66

MEAN MAXIMUM WEIGHT LOSS
IN FORTY EXPERIMENTAL REGIMENS

(kg)
"Nutrient Light Work Hard Work
Regimen U L U L
ST 0 6.9 (5)r 604 (2) 6.d (1) 7*6 (4T)
0/100/0 1000 4.6 (2) 4. 2 (2) 4.6 (2) 4.9 (2)
0/100/0 2000 3.8 (1) 3.0 (2) 4.2 (2) 4.4 (2)
2/20/78 1000 4.2 (1) 3.8 (2) 4.4 (1) 4.4 (2)
2/20/78 2000 2.8 )2) 3.0 (2) 3.1 (1) 3.8 (2)
15152/33 1000 4.5 (2) 4.0 (2) 4.4 (2)--------
15/52/33 2000 3.1 (2) 3.0 (2) 2.0 (1) 3.5 (1)
15/52/33 3000 1.8 (2) ------- 1.1 (2) 2.8 (2)
30/0/70 1000 -4.o (1) 4.4 (2) 5.3 (2) 6.2 (2)
30/0/70 2000 3.2 (2) 4.3 (1) 3.6 (2) 4. 6 (2)

*Numbers in parenthesis indicate numbers of subjects,
"STO U, Light Work" had five men because Subject 54 refused
to eat more than nibbles of the meat bar (30/0/70 1000).
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BODY COMPOSITION: WEIGHT LOSS (Hard Work)
(SUMMER 1955)

ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 FRA (Control)
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FIGURE III. 27. WEIGHT LOSS: HARD WORK.

BODY COMPOSITION: WEIGHT LOSS (Light Work)
(SUMMER 1955)
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0 FIGURE III. 28. WEIGHT LOSS: LIGHT WORK.
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2. Body Water

(Written by G. N. Wogan)

a. Osmotic Excretion

In a previous study, Sargent et al. (1955) pointed out that a relationship
exists between the osmotic load of a nutrient regimen and the observed changes
in D20-space. Osmotic load is defined as the minute urinary excretion of
osmotically active substances, determined by freezing point depression, and
expressed as microosmols excreted per minute. The quantity of such material
excreted obviously depends upon a number of factors; viz., the intake of in-
organic materials and nitrogenous substances which are actually or potentially
osmotically active, as well as compounds such as urea, ketone bodies, bicarbonate,
etc., which are produced endogenously and excreted in the urine. Table III. 67
presents the osmotic load of the various nutrient regimens of the present study
as well as those of the previous one, The two studies had very similar experi-
mental designs, except that in the earlier one subjects were exposed to environ-
mental conditions of moderate cold, in the present one to heat.

In both series of data, rank-order correlation results in the observation
that the 30/0/70 2000 regimen imposes a very high osmotic load, while 0/100/0
regimens present very low loads. The other regimens are intermediate, the
position in rank-oorder being very similar in both studies. It will be noted,
however, that with one exception (155/2/33 1000) the osmotic loads in the
summer data are lower than those from the winter. (The discrepancy in the case
of the single exception can probably be explained in terms of different intake
of osmotic material.) This lower load presumably reflects the loss of osmotically
active material in sweat since this avenue of loss is of considerable magnitude
in the hot-weather study and practically non-existent in the winter study.
Lichton (1953) has shown that kidney and sweat gland act competitively in osmotic
regulation.

It is of interest to point out that the greatest differences in load be-
tween summer and winter data appear in those experimental regimens (excluding
controls) which impose the four highest osmotic loads. From a purely speculative
standpoint, this may represent a compensatory mechanism to reduce the isosmotic
urine volume, thereby reducing the amount of osmotic work required of the kidney
under these circumstances. It is alse of interest that the loads imposed by
these regimens are supplied from two sources; in the 155/2/33 diets, the osmotic
load is predominantly electrolyte (NaCl), while in the 30/0/70 diets it is
predominantly nitrogenous.

x, It
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TABLE III. 67

RELATIVE OSMOTIC LOADS OF VARIOUS REGIMENS
(Means of Exp I and Exp 112 U and L, all subjects)

Winter, 1954 Summerp 1955
SExperimental Osmotic Osmotic (Winter'

Regimen Load* Rank-order Load* Rank-order Sumer)
ST O 465 8 402 8 63
0/100/0 1000 257 10 208 10 49
0/100/0 2000 219 11 172 11 47
2/20/78 1000 497 7 372 9 125
2/20/78 2000 626 6 506 6 120
15/52/33 1000 418 9 470 7 .52
15/52/33 2000 780 4 557 4 223
15/52/33 3000 865 2 700 3 165
30/0/70 1000 732 5 544 5 188

A 30/0/70 2000 1074 1 722 2 352
FRA 825 3 863 1 -38

"*Micro-osmols excreted per minute during a two-hour (*) or three-

hour (*) period of collection.

* b. Body Water

Before the results of the estimation of body water are presented, it will
be necessary to describe several special methods, assumptions, and observations
which were intimately connected with the calculation of the D20-space data as
they will be presented in their final form. The method, used in these calcula-
tions is outlined briefly in the methods section of this report, and described
in detail in Appendix I. In essence, it involves the computation of the degree
of dilution of an administered dose of )20 by the body fluids. Ample evidence
exists that D20 administered intravenously (Schloerb et al., 1950) or orally
(Pascale et al., 1954) rapidly distributes itself completely throughout the

Sbody fluids, equilibrium being established among the various fluid compart-.
ments within eight to ten hours after administration. After this equilibrium
has been reached, it has been found (Pascale et al., 195I4) that dilution of the
administered dose can be computed using the urinary D20/H 2 0 ratio as the index.
As described earlier, the 20-space was computed after a period of eighteen
hours or more had elapsed following the D2 0 administration. Since D20 appears
in the urine within three hours after its administration, some of the dose is
lost via this route, and presumably also by the extra-renal routes of water
loss (skin and lungs) during the equilibration period. The absolute amount of
D20 lost by all routes must be estimated as quantitatively as possible before
the true degree of dilution of D20 remaining in the body can be calculated.

A. The renal loss can be estimated accurately by collecting all urine excreted
during the period in question and determining the D20/H20 ratio in that urine.

Method of Estimation of Extra-renal D2 0 Loss. The extra-renal D20 loss,

' however, is more difficult to assess accurately. Although it has long been
recognized that insensible perspiration and sweat contain D20 following its
administration, no attempts to correct for less by these avenues have been
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reported in any former studies of ½0-space. According to the report of
Hevesy (1934), the D2 0/H 2 0 ratios in human sweat, expired water, and urine
collected simultaneously in an equilibrium state following D20 administration
are identical. Since, in the current study, sweat and insensible water losses
were of such significant magnitude quantitatively, it was decided to repeat
the observations of Hevesy. For this purpose, seven of the control (FRA)
subjects were chosen for experiments in which sweat and urine or insensible
perspiration and urine were collected simultaneously. They were chosen because
it was assumed that no inestimable variables such as dehydration or caloric
restriction would confound the D20/H20 ratios in the fluids to be collected*

The experiments, in which sweat and urine were to be collected simul-
taneously, were carried out 48-72 hours after 20 had been administered orally.
In some cases, thermal sweat was collected; in others, sweating was induced by
exercise. In the former case, the subjects were placed in enclosures at high
temperature, and were allowed to remain sedentary for several hours in this
environment. In the exercise experiments, the subjects were marched in the
sun for one hour. In both cases, sweat was collected by enclosing both fore-*
arms and hands (previously shaved, rinsed in distilled water, and dried) in
elbow-length obstetrical rubber gloves which were secured and sealed at the
cuffs by rubber bands. Therefore, sweat was collected from both forearms and
hands of each subject. At the time the gloves were donned, each subject
emptied his bladder. At the end of the collection period, the bladder was
again emptied, this urine being used for analysis for D20/H20 ratios. Speci.-
mens of sweat and urine were frozen immediately upon collection, and were kept
frozen until the analyses were carried out.

The experiments in which expired water and urine were collected simul-
taneously involved only two subjects. Collections were made 72 hours after
D20 administration in both the pre-period test and the experimental period
test. Expired moisture was collected by directing the expired air of the
subject through a two-way Douglas valve and thence through a previously dried
heavy metal cylinder which was immersed in crushed solid C02. Moisture from the
expired air was thus frozen and at the end of the collection period (2.7-6.41 hr.o
was melted and collected. Urine was collected during the same period accordingW
to the protocol described above in the sweat experiments. Again, urine and
expired water were stored in the frozen state until analyzed*

The D20/H20 ratios were determined in sweat, expired water, and urine
according to the method described in Appendix I. The results of these
analyses are presented in Tables III. 68 and III. 69.

Inspection of these data allows several generalizations to be made. First,
in every case, the D2 0/H2 0 ratio in sweat or expired moisture is lower then that *

in urine collected during the same period. Second, the discrepancy between
these two ratios is highly variable among subjects, and even in the same sub-.
ject when a number of comparisons are made on one subject. Similarly, the
absolute ratios in urine and sweat are variable among individual subjects or
in the same subject. In only one case is there a trend toward constancy; viz.,in the absolute D20/H20 ratios in expired moisture. However, the limited
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TABLE III. 68

D2 0 CONTENT OF SWEAT AND URINE COLLECTED SIMULTANEOUSLY

Date of Date of Sweat Ratio
D2 0 Admin- Specimen D20/H20 as % of Urine

* Subject istration Collection Specimen Ratio)% Ratio

90 July 4 July 8 Urine 0.0829 85.6
Sweat 0.0710

90 July 14 July 17 Urine 0.0862
Sweat 0.0837 97.1

92 July 4 July 8 Urine 0.0779
Sweat 0.0420 53.9

94 July 14 July 17 Urine 0.0746
Sweat 0.0540 72.4

96 July 15 July 17 Urine 0.0779
Sweat 0.0577 74.1

98 July 4 July 8 Urine 0.0804
Sweat 0.0622 77.4

99 July 4 July 8 Urine 0.0889
Sweat 0.0220 24.7

100 July 15 July 17 Urine 0.0862
Sweat 0.0594 68.9

Control None July 8 Urine 0.0000
Sweat 0.0000

Mean

TABLE III. 69

D2 0 CONTENT OF EXPIRED WATER AND URINE COLLECTED SIMULTANEOUSLY

Date of Date of D20/H20 Expired Water
D2 0 Admin- Specimen Ratio,% Ratio as % of

S Subject istration Collection Specimen Urine Ratio

90 July 4 July 7 Urine 0.0857
Expired
Water 0,0360 42.0

90 July 14 July 18 Urine 0.0770
Expired
Water O.0461 59.9

100 July 4 July 7 Urine 0.0761
Expired
Water 0,0418 54.9

100 July 15 July 18 Urine 0.0717
Expired
Water O.O479 66,8

Mean
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number of experiments precludes the extraction of any valid conclusion regard-
ing this point. It may be speculated that, since the evaporation of water in
the lungs presumably takes place by simple physical processes, the mere differ-
ence in vapor pressure between D20 and H2 0 might account both for the constancy
of the ratio of one to the other, and for the discrepancy between this ratio
and that in urine.

It cannot logically be assumed that the discrepancy is due to inadequate
equilibration, since the experiments were carried out long after the equilibra-
tion period should have been attained (Edelman, 1953). Similarly, it is
exceedingly difficult to rationalize the proposal that either sweat glands or
lung epithelium differentiate between molecular D2 0 and H2 0. Further explora-
tion of the validity of these results and the mechanisms responsible for them
is to be the subject of subsequent experimentation.

The estimation of D20 lost by these routes during the equilibration period
is critical in the calculation of true D2 0 space. For the purpose of calcula-
tion, it was necessary to estimate the total amount of sweat and insensible
water lost during the periods in question (see Appendix I). It was also
necessary to assume a D2 0A 2 0 ratio for these fluids which would be justified
in light of the experiments described above. Consequently, it was deemed most
reliable to choose a ratio which would relate the sweat and insensible water
D20 content to the concurrent urine ratio for each subject, rather than to
select arbitrarily an absolute ratio to be used for all subjects. The ratio
finally adopted was one which approximated the mean value (sweat ratio/urine
ratio x 100) for each of the two above experiments;viz., that ratio which
represented 60% of the concurrent urinary D2 0A 2 0 ratio. For example, if the
urine collected during the equilibrium (post) period contained D20 in propor-
tion to H2 0 as 0.1000, the sweat and insensible water lost during that period
were assumed to have a D2 0/H2 0 ratio of 0.0600. In this fashion, the extra-
renal D20 loss was estimated, with the intent of increasing the accuracy of
the final computation of D20-space.

Method of Calculation of D20 Decrement in Experimental Period. A second
procedure used in computation or totai body water which requires description isW
the procedure for accounting for the influence of previously administered D20
upon the urinary D2O/H 2 0 ratios during a subsequent determination. It will be
recalled that D2 0-space estimations were carried out twice on each subject;
i.e., at the end of the pre-period and near the end of the experimental period*
Although ten days or more elapsed between these two tests, D2 0 from the first
dose was still being excreted in the urine of all subjects at the time the
second dose was administered. Therefore, it was necessary to assess quantita-
tively the effect which this residual D20 would exert upon the ratios determined
following the second administration. This was done by determining the decre-
ment in the urinary D20/H20 ratios of four subjects ("Decrement Controls") who
received D20 at the end of the pre-period, but not at the end of EXP II
(Table ITI. 70). These ratios were plotted as a function of the mid-points of
the collection periods on July 4, 5 and July 14, 15. Since the decrement in
the ratios appeared to be linear on the latter dates, these data were extra -

polated back to the mid-point of the post-D2 0 period on July 4 by means of best
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TABLE I1. 70

CORRECTED URINARY D2 0/H2 0 RATIOS FOR DECREMENT CONTROLS

Subject Number
Date Specimen 40 58 91 101

July 4 Pre-D2 0 0.0000 0.0000 0.0000 0.0000
July 4 D20 0.1225 0.1312 0.1102 0.1182
July 5 Post-D2 0 0.1159 0.1214 O.IO44 0.1124
July 14 Pre-D20 0.0328 0.0277 0.0231 0.0151
July 14 D20 0.0351 0.0284 0.0205 0.0105
July 15 Post-D20 0.0290 0.0225 0.0208 0O0041

fit of a line connecting the three July 14,15 ratios. The mean difference
between observed and extrapolated July 4 post-D2 0 period ratios was found to be
-0.0388.

This factor was intended to be used in the correction of the urinary
ratios of all subjects in the experimental test by a graphic method (see
Appendix I for detailed description). It was proposed to extend a line from
the value obtained by subtracting 0.0388 from the post-D20 (July 4) ratio
through the pre-D2 0 (July 14) ratio as determined analytically. The values
obtained at the intercept of this line with the mid-roints of the D2 0 and

*) post-D2 0 periods (July 14, 15) were to be subtracted from the analytically de-
rived ratios. The value resulting from this subtraction would represent the
true urinary D20/H20 ratio caused by the second dose of D2 0, and could then be
used in calculation of D2 0 lost during these periods.

The validity of this method of correction for decrement was tested by
several trial calculations on control (FRA) data. Since D2 0-spaces which had
been determined on these subjects at the end of the pre-period (in which case
the problem of decrement correction was not encountered) agreed well with
values reported by us and by others on the basis of this and other techniques,
it was decided to establish a method for decrement correction which would cause

* a minimum deviation of the experimental period D1O spaces (expressed as % body
weight) in these subjects from the pre-period values. With this purpose in
mind, the first method tested was that described above; viz., graphic solution
of the problem, using the value resulting from the subtraction of 0.0388 from
the post-D20 (July 5) mid-point ratio as the origin of the projected line.
As a result of these calculations, the mean D20-space (% body weight) of the
FRA subjects in the experimental period was found to be 70.7%, as compared to
68.8% in the pre-period. The computations were repeated, using the post-D2 0
mid-point ratio (uncorrected) as the origin of the decrement line. The result
was a mean experimental body water of 66.0% of body weight, again as compared
with the pre-period value of 68.8%. These calculations were repeated a third
time, using an intermediary correction factor, 0.0200, which resulted in a
mean experimental value of 68.1% body weight. Since the agreement with the
pre-period value was considered adequate, this value was finally adopted for
calculation of all data obtained from the experimental subjects. In this

S fashion, the influence of the first D2 0 administration upon the urinary
1D20/H20 ratios of the second D2 0-space determination was assessed, and
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accurate estimation of the latter entity was made possible,

Results. Pre-period measurement. The application of these methods and
calculations according to the experimental design yields a series of data re-
garding total body water, as this compartment exists in normal men and is
affected by the various restrictions and regimens to which the men were sub-
jected. These data will be presented in several sections dealing with control
(pre-period) measurements and changes in total body water brought about by the
experimental treatments. Greatest emphasis will be placed upon the relation-
ships among changes in D2 0-space, osmotic load of the regimens, and water
diuresis, primarily as the latter two variables relate to the first.

In the pre-period measurements, the mean absolute total body water of the
99 subjects was found to be 46.82 liters, the range being 34.71 to 64.03 liters
(Table III. 71A). When expressed as a proportion of the subject's body weight,
the mean total body water becomes 69.7%; range, 56.9% to 79.5% of body weight
(Table III. 71B). In order to facilitate interpretation of data obtained during

TABLE III. 71

PRE-PERIOD DATA ON BODY WATER
Flight No. Mean D20 Space s.d. C.V.

A. Liters D2 0 Space

1 22 45.86 4.44 9.68
2 22 13.74 4.21 9 63
3 22 47.63 4.97 10.43

4 22 47.94 3.92 8.18
FRA 11 51.O0 5.49 10.76

B. D2 0 Space as % Body Weight

1 22 69.0 4.42 6.40
2 22 68.5 5.14 7.54
3 22 68.9 4.37 6.34

4 22 72.8 3.89 5.22
FRA 11 68.8 4.87 7.08

"t" Test
No significant differences between flights or between flights and
FRA.

the experimental period, regarding the effects of work performed, the control
data from subjects grouped in flights were compared by the "t" test. When the
grouped data were analyzed statistically, it was found that there were no
significant differences between mean values among flights, or between any
flight and the FRA subjects. It is evident in this table that there was, how-
ever, considerable individual variability both in the absolute body water and
this compartment expressed as a percentage of body weight. Such variability
is expected in a randomly selected group of subjects of widely different
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physical characteristics, the most important of which, in this case, is degree
of obesity (McCance et al., 1951).

Experimental period. Near the end of the experimental period, determina-
tion of the D20-spaces of the subjects yielded the results shown in Tables III.

S72 and III. 73. In the light work group with free access to water, the mean
total body water was 44.33 liters or 67.4% of body weight. In subjects who per-
formed light work, but whose water intake was limited to 910 ml per day, the
average deuterium oxide space was 415.8 liters, or 68.2% of body weight. Men
who performed hard work during the experimental period, and whose water intake
was restricted showed an average total body water of 42.46 liters (67.7% of body
weight). In those who performed hard work and simultaneously received only 910

' ml water per day these values become 37.74 liters and 63.5% of body weight.
Great individual variation is shown in the ranges of these values. For the
light work, unlimited water group, the ranges were 34.24 to 54.44 liters, 54.4
to 84.0% body weight; for light work, limited water group, 34.17 to 47.20 liters,
or 62.5 to 73.9% of body weight. In the hard work unlimited water group, the
ranges were 35.04 to 50.10 liters, or 55.3 to 78.6% body weight; for the
corresponding limited water group, 30.62 to 45.73 liters, and 57.4 to 68.7% body
water.

These data represent the sum total of the effects of all the various regi-
Umens and restrictions on the total body water; viz., dietary composition,

caloric intake, water intake, and work load. In order that these variables may
be segregated and evaluated, the combined data for each regimen are presented
in Tables III. 72 and III. 73, expressed as D2 0 space on an absolute (liter)
basis and as a percentage of body weight. Since endogenous events occurring
during caloric restriction are exceedingly difficult to assess or are entirely
unknown, the data regarding changes in total body water as a function of body
weight are difficult to interpret. Therefore, interpretative discussion will
be based primarily on these changes as they occurred on an absolute (liter)
basis.

O Inspection of Table fll. 72 reveals that limitation of water uniformly
caused a decrease in total body water in both the light work and hard work
groups. There was a tendency for the decrease to be intensified by hard work,
but this was not true in every case. This relationship is complicated by the
increased water allowance of the hard work groups which was necessitated by the
excessive water loss caused by sweating. As pointed out in an earlier section,
the water intake of the hard work group was increased to three canteens (2730 ml)
per day on July 8, 48 hours after the beginning of the experimental period. At
the same time, the water allowance of the light work group was increased to two
canteens (1820 ml) per day. On July 11 the latter flight began to receive three
canteens per day also. Subjects subsisting on experimental regimens which
allowed free access to water demonstrated decreases in body water whether they
were performing light work or hard work. There was a tendency for the decrease
to be intensified by hard work, but the response in relation to work was ex-
tremely variable. In only two groups was there an increase in the absolute D2 0-

' space during the experimental period. These were the 15/52/33 3000 Hard*Work
group, and the 0/100/0 1000 Light Work group. These results are not in agreement
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with those of Sargent et al. (1955) who observed an increase of the total body
water in all subjects subsisting on identical regimens, but exposed to environ-
mental conditions of cold.

We have pointed out earlier that a relationship exists between osmotic excre-
tion and change in total body water. In the cold-weather study, it was observed*
that the increase of total body water in subjects on unlimited water regimens
followed a linear progression related directly to the osmotic load presented by
the regimens. Thus, the increase of D20-space was greatest in regimens which
were characterized by the highest osmotic loads and was least in those present-
ing low osmotic loads. No such clear relationships exist in the present results.
In every case except two (see above), the men on unlimited water suffered a
decrease in body water. According to the former results, it was thought that
the greatest losses would occur at very low osmotic loads, while smallest losses
were expected in high osmotic regimens. This is not the case. Greatest losses
were suffered by ST 0 U subjects, in both Hard and Light Work groups. This
regimen results in a low osmotic excretion. Losses were equally great in sub-
jects in the 0/100/0 U Hard Work group, which also exhibits the lowest osmotic
load. These results fit the hypothesis that at low osmotic loads, the subjects
become osmotically depleted, and therefore exhibit salt-depletion hydropenia.
However, here the agreement ends. Men on high osmotic load diets; e.g.,
30/0/70 2000 Hard Work, exhibit decreases in D2 0-space comparable to that at the.
very low loads. Regimens imposing intermediate loads give highly variable re-
sults: 2/20/78 U Hard and Light Work groups show a mean decrease in body water
of 0.66 liters, and an osmotic load of 5o6 pOsm/min; 15/52/33 1000 U Hard Work
and Light Work groups, with an osmotic load only slightly lower (470 iOsm/min),
demonstrate a decrease in body water of 3.11 liters. The relationship between
osmotic excretion and D20-space in these subjects will be considered further in
a subsequent section.

The results obtained from subjects on limited water are equally difficult
to interpret. When related to osmotic load, it is seen that the decrement in
D20-space tends to be greatest in the very high osmotic load regimens (30/0/70
2000, and 155/2/33 3000) and in the very low (0/100/0 1000 and 2000). In the
former case, the hydropenia is presumed to be due to "pure water depletion",
while the latter reflects salt-depletion. The regimens imposing intermediate
osmotic loads present variable degrees of hydropenia presumably of the mixed salt
and water type. In two regimens, 2/20/78 and 15152/33, increase in the caloric
level results in an apparent preservation of body water.

The effects of the various nutrient regimens on total body water expressed
as % body weight are presented in Table III. 73. It is seen that limitation of
water caused a decrease in the proportion of body water to body weight in every
case except in the 15/52/33 1000 L regimen. It can be assumed therefore, that
in these subjects, body water was lost at a higher rate than was tissue sub-
stance. Work load exerted no consistent influence upon these results, the loss
in body water being greater in the Hard Work subjects on some regimens (0/I100/
2000 L and 2/20/78 1000 and 2000 L), while in other cases the reverse is true
(0/100/0 1000 L and 30/0/70 2000 L). Similarly, in certain regimens, an in-
creased caloric intake diminished body water loss (0/100/0 and 2/20/78), and in
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others it caused an accentuation of the loss (30/0/70).

In the unlimited water groups, body water as a proportion of body weight
in general decreased. These are, however, four exceptions; 0/100/0 1000 Light
Work, 2/20/78 1000 Hard Work, 15/52/33 1000 Hard Work, 15/52/33 2000 Hard Work,
Again, it can be seen that work load had an inconsistent effect.

There are, however, relationships to osmotic load. When expressed in this
fashion, decreases in D20-.space are again greatest at very high osmotic loads and
in subjects whose osmotic excretion was very low. In regimens which result in
intermediate osmotic loads, loss of body water is variable in degree.

It has been mentioned that the results presented here have failed to agree
in several particulars with those of the winter study, while being confirmatory
in other respects. The quantitative magnitude of extra-renal water loss in the
present study, and complications arising from this source of variation are con-
sidered to be major causes of discrepancy. Even in the face of such disagreement
in detail, several important general concepts have resulted fron considerations
of combined data from the two studies. These concepts will be presented in a
subsequent section.

c. Water Diuresis

Pre-period Results. All subjects were given the water diuresis test accord-
ing to the same procedures followed in the 1954 winter study. Two tests were
conducted in the pre-period (Table III. 74). The mean values and the variability
measures for the five groups of subjects were remarkably uniform. For two groups
there were significant differences between the means of P I and P II. The large
fall in net recovery for Flight 2 from 85.2% in P I to 54.4% in P II was in part
due to the fact that these men took a four-mile march in the evening prior to
the test at a time when the weather was very hot (4 July). Their canteens had
been taken from them at supper that night. Since they had no access to water,
the sweat loss during the march could not be replaced. This fact clearly bringsO out the sensitivity of this test as a measure of dehydration. The men on the
Field Ration A also exhibited a significant decrease in net per cent recovery
of the oral load in P II. These men served as KP's. They worked in a hot
environment. The excessively hot weather on 4 July probably accentuated their
dehydration at a time when they could not replace their sweat loss. Flights
1, 3, and 4 exhibited no significant changes. Two groups, 1 and 4 showed de-
creased recoveries, again probably due to the especially hot weather on the day
prior to the second water diuresis test.

Control Subjects. Throughout the 36-days of the field test, men on Field
• Ration A performed moderate work in the mess halls and the clinical laboratory,

They were allowed water ad libitum. That these subjects tended to maintain a
reasonably constant state-ofhydrUation is brought out in the data of Table III.
75. Only in P I does the value for net recovery deviate much from 65%. It may
be that the cool weather of P I caused the higher value. After P I the weather

" remained rather constantly hot.
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Experimental Period Results. The experimental regimens provoked marked
alterations in the renal response to the oral water load (Table I1. 76; Figures
III. 29 and III. 30). There is evidence that the work load affected the diuretic
response of men on unlimited water. Regardless of which of the ten nutrient
regimens the men were subsisting on, hard work tended to cause a greater decrease
of net recovery from P II to EXP than did light work: 0

Net Recovery, %
P II EUP

Hard Work U 72.8 52.5
Light Work U 81.3 71.2

These data suggest that the men doing hard work were not voluntarily able to
keep pace with dehydrating effects of sweating evoked by the greater work output.
Inspection of the data reveals that this "voluntary" dehydration was not a func-
tion of nutrient regimen.

There is also evidence that osmotic load is related to the net % recovery
of the oral water load. The diuretic response tended to be intensified in those
regimens imposing high osmotic loads as compared to the response in subjects on
lower osmotic load regimens. Though not universal, this tendency was fairly
uniform.

Limitation of water evoked drastic changes in the diuretic response.
Although work load exerted no consistent influence on the pattern of alteration,
the influence of osmotic load was marked. In general, the findings of the 1954
winter study have been confirmed; viz., the data on water diuresis in men whose
water intake was restricted were segregated into several distinct groups when
related to osmotic load.

Low osmotic loads: In this study, low osmotic load regimens were 0/100/0
1000 and 2000. The mean recovery of the water load in subjects on these regi-
mens with unlimited water was 58.5%; with limited water 53.3%. These values
are not significantly different from the pre-period mean values on normally
hydrated individuals. It has previously been determined (Sargent et al., 1955)
that any diuretic effect exceeding 50% net recovery may be considered normalo
Thus, a normal diuretic response was obtained in both groups in spite of the
deficit of total body water suffered by each. The mean decreases in D20-space
in these subjects were 2.88 liters in the U group and 5.22 liters in the limited
water group. Failure of water limitation to lead to a marked antidiuretic
response in these low osmotic regimens is attributed to the subjects' state of
osmotic (salt) depletion.

High osmotic loads: In contrast to the above results, limitation of water
on the highest solute load regimens, 30/0/70 2000 and 15/52/33 3000, was strong-
ly antidiuretic. The mean net % recoveries of water loads in the limited water
groups on these regimens was 7.5%, as compared with the data of their pair-fed
mates on unlimited water, 78.0%. These results are interpreted as indicating
a condition in which water was lost in excess of osmotically active substance in
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the limited water group, who therefore demonstrate a water depletion hydro-
penia.

Comment: Thus, the diuretic responses of individuals subsisting on limited
water regimens at extremes of the osmotic-load spectrum are clearly distinguished
by the water loading test used in this study. Men who become hydropenic on reg-.
imens which impose very low solute loads are unable to retain water given in
a single large dose. In contrast, man dehydrated by limitation of water but not
simultaneously osmotically depleted retain practically all water administered
in this way. It is of interest to point out that the latter condition obtains
whether the large osmotic load consists primarily of inorganic material (15/52/33),
or of nitrogenous compounds (30/0/70).

Intermediate osmotic loads: These regimens, in order of increasing load
are: 2/20/7b 1000 (372 pOsm/min), ST 0, 15/52/33 1000, 2/20/78 2000, 30/0/70
1000, and 15/52/33 2000 (557 pOsm/min). (See Table III. 67). When accompanied
by limitation of water, these regimens segregate into two distinct groups accord-
ing to the diuretic response studied. As osmotic loads grow progressively
larger, the net % recovery of the water load becomes smaller, in a relationship
described by a sigmoid curve. In the first three regimens above, the osmotic
loads are 372, 402, and 470 pOsm/min; the corresponding mean % recoveries are
33.7, 42.3, and 25.1 respectively. In the remaining regimens with higher
osmotic loads, mean recovery of the water load was uniformly less than 10%, and
in most cases was 5% or less (Table III. 76). Thus, antidiuretic activity of a
regimen is related to osmotic load in a fashion in which there is practically
no transition phase, ability to retain a water load being abruptly distinguished
from inability.

TABLE III. 74

PRE-PERIOD DATA ON WATER DIURESIS
(Net Recovery, %)

PI PII
Flight N M s.d. C.V. N M s.d. C.V.
1 22 75.8 19.4 24.6 21 71.7 17.2 24.0
2* 21 85.2 18.5 21.7 21 54.4 21.8 40.1
3 21 73.1 17.3 23.6 20 81.1 20.6 25.4
4 21 76.8 18.0 23.5 22 66.6 18.3 27.5
FRA'* 12 78.6 14.9 19.0 11. 62.6 12.5 20.0

*P I vs. P II: t - 4.89, P<0.01.
**P I vs. P II: t - 2.68, P<0.02.

TABLE III. 75

WATER DIURESIS
AMONG MEN ON FIELD RATION A

(Net Recovery, %)
Period
"P I 12 7B.6 14.9 19.0
PII 11 62.6 12.5 20.0
EXP I 11 68.3 16.2 23.8
REC I 14 67.2 18.9 28.1
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WATER DIURESIS: HARD WORK
(WINTER 1955)
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d. Interrelations among Osmotic State, Body Water, Water Balance,
and Water Diuresis.

In order to assist the study of these several variables as functions of
one another in a quantitative fashion, the summer data for each individual
subject for water diuresis, osmotic excretion, and total body water have been
tabulated (Tables III. 77, and III. 78). Further, we have combined the data
for the winter study of 195h and the summer study of 1955 (Table III. 79) to
aid in the fitting of curves to the quantitative data (Figure III. 31).

Curves were fitted to the combined data in a fashion which was considered
to express most accurately the relationship between two variables. The graphic
relation between AD2 0 space and osmotic excretion in the unlimited water sub*.
jects is best expressed by a linear correlation. The line has been plotted
according to the method of least squares, and is described by the equation
Y - -4.087 + O.OO4lx, where Y represents LD2 0 space and X represents osmotic
excretion. Correlation between these two variables is high (r a +0.82). A
similar linear relationship was found to exist between the net recovery of a
water load (water diuresis) and osmotic excretion in subjects on unlimited
water regimens. The linear relationship is expressed by the equation Y -

47.6 + O.O265X, where Y is the % recovery and X the osmotic excretion. There
is also a high degree of correlation between these two variables, r w +0,99.

In the limited water subjects, AD2 0 space is related to osmotic excretion
in such a manner that maximum changes in D20 space occur at the extremes of the
osmotic excretion range, loss of body water being minimum at a point between
these extremes. The quantitative data suggest that this relationship can be
described with some accuracy as an arc of a circle, the diameter of which is
determined by both osmotic excretion and AD20 space. Such an arc was circum-
scribed by the equation (X - 510)4/75 + (Y - 12)2 m (7.5), where Y represents
AD2 0 space, X the osmotic excretion. The radius of the circle is expressed in
the units of Y (liters). Note that the point for starvation was anomalous.

Data for the limited water groups regarding water diuresis and osmotic
excretion can be fittepsatisfactorily by a sigmoid relationship, which takes
the form R - -a(X - b) In + c where: R is the per cent recovery of the water
dose; a is related to the percentage recovery at very low osmotic excretion;
b is the osmotic excretion at the point of maximum slope; n is a constant re-
lated to the rapidity with which the slope falls off between the two points
of inflexion; and X is the osmotic excretion (Sargent and Johnson, 1956). The
combined data can be closely fitted by the sigmoid equation R - -21
[(x - 470)/1O6175 + 28. This relationship accurately describes the renal
response to a water load in subjects on limited water whose osmotic excretion
varied from very low to very high.

Although good mathematical correlation exists among the three variables
when the combined data are considered, it has been pointed out that there are
several points of disagreement between summer and winter data. A major dis-
agreement was found between changes in D20 space caused by the experimental
regimens which allowed unlimited water intake. In the winter study, un-
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limited water resulted in an increase in total body water in subjects on every

nutrient mixture. This was not the case in the summer study; increases in

body water occurred in only two regimens (see above). The discrepancy be-
tween the two series of data is interpreted as a reflection of the failure,
by practically all of the men in the summer study, to keep pace with the extra-

renal water loss (sweat) by voluntary ingestion of water, even though water
*was available in unlimited quantity.

Such an interpretation is supported by Table III. 73, in which D2 0-space
is expressed as per cent body weight. Decrements expressed in this unit
uniformly follow the absolute (liter) changes in direction, and in most cases

there is also a quantitative relationship. For example, in the 15/52/33 2000

U Hard Work group, there was a mean increase in total body water of 0.65 liters,
and a simultaneous increase in D2 0-space (% body weight) of 2.8%. In these
subjects, water was evidently retained while tissue was being lost. In con-
trast, the mean decrease in D2 0-space in subjects on 0/100/0 2000 U Hard Work
was 6.36 liters, while a decrease of body water in proportion to body weight
amounted to 7.3%. These men evidently lost water at a rate only slightly
lower than that at which body tissue was destroyed. The latter case is further
complicated by "voluntary dehydration,," a phenomenon observed by Sargent et
al. (1955). Subjects subsisting on very low osmotic regimens voluntarily
dehydrate themselves by decreased water intake conditioned by lack of thirst.

. A further explanation for the discrepancy may lie in the method of cal-
culation of extrarenal D20 loss in the winter subjects. The quantity of water
lost by this route was estimated by the method outlined in Appendix I of this
report, but the D2 0/H2 0 ratio of this fluid was assumed to be identical with

that of the urine. Thus, the D2 0 lost via this route was probably over-
estimated, with the result that the final dilution of D20 remaining in the
body was probably overestimated as well. The magnitude of overestimation,
however, is probably so small as to be ineffective in explaining the gross
differences in the two series of data.

For purposes of evaluating the accuracy of methods used in the summer
Sstudy, total water deficit incurred by each subject during the period between

the two D20-space measurements was calculated by a method similar to, but not
identical with that employed by Gamble (1947). Daily water balance was
estimated for each day during the period, and the cumulative negative balances
for men on each regimen were computed over the appropriate period of time that
elapsed between the two body water determinations. When these data are com-
pared with the decrements in D20-space presented in Table III. 72, it was
found that the two methods were mutually confirmatory. Calculated net water
deficit is related linearly to measured AD2 0-space, the line describing the
relationship being expressed by the equation Y - 6.95 + 0.59x, where Y is

" the calculated net water deficit (liters), and X represents AD2 0-space (liters).
The coefficient of correlation between the two variables is +0.49 (P less than
0.05). A marked degree of variability exists: s.d. of Y on X is 2.25 liters.

Although there is good agreement between these two methods, it is seen
that the calculated water deficit exceeds the measured deficit by some 7 liters.
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If the D 0-space data are presumed to represent the true loss in total body
water, then the calculated deficit has been overestimated by the above value.
Such overestimation probably resulted in the process of computation of sweat
loss during the period in question. Thus, although the calculated total water
deficit is probably in error on an absolute basis, the relative position of
each regimen on a comparative scale is not altered*

Before considering further the relationships expressed in Figure III. 31,
it seems appropriate to review the theoretical concepts of Pandazi (1954)
and Sargent and Johnson (1956) regarding the mathematical expression of the
interdependence which exists among osmotic state of the body, total body water,
and diet. The mathematical expression involves four variables: (1) 0, the
osmotic content of the body; (2) V, the total body water; (3) C, the total
body osmotic concentration (O/V); and (4) R, the net per cent recovery in four
hours of a water load equivalent to two per cent of the body weight. For
purpose of discussion, the expression becomes C - O/V. (The significance of
R will be pointed out subsequently). This mathematical expression can be used
to describe in quantitative terms certain of the homeostatic mechanisms which
serve to maintain total body water (or compensate for water loss), and regulate
the bodily osmotic state.

Thus, in a situation in which body water is lost by water deprivation,
and osmotic content is maintained or increased by dietary intake (as in the
30/0/70 2000 L subjects), the expression becomes C1 - 01(V - AV), where AV
represents the volume of water lost. In such a state of water deprivation
hydropenia, replacement of AV by a water load would result in a retention of
the ingested water. R then becomes a function of AV; if the water load
volume were less than AV, R would be very low. Experimental evidence support-
ing this point is presented in Figure III. 31; viz., in limited water sub-
jects who demonstrated a high osmotic load and in whom % recovery was low.

Conversely, when water and osmotic depletion occur simultaneously, as in
subjects subsisting on limited water and a low osmotic regimen (0/100/0), the
equation becomes C - 0 - AO/(V - AV). Thus, if an attempt were made to re-
place AV by an oral water load, the load would be excreted to prevent further
depression of 0. Therefore, R would be high. This condition is represented
by subjects on limited water whose osmotic excretion is very low (Figures IIIo
31).

In a normally hydrated, well fed subject, administration of a water load
would cause the equation to be C w O/(V + AV); i.e., it would tend to decrease
the value C by dilution, and it is therefore excreted. The FRA subjects
(controls) exhibit this type of response to a water load in Figure III. 31

It is implied that those homeostatic mechanisms which are responsible for
regulation of body water and osmotic state operate in some fashion to maintain
that entity which has been ascribed as "C" in the above mathematical treat-
ment at a constant value. Although considerable variation in body water
volume can be tolerated, great effort is exerted to prevent changes in the
osmotic pressure of body fluids (Gaunt and Birnie, 1951). Regulation of

WADC TR 53-484, Part 3 228



osmotic pressure is achieved primarily by regulation of rates of water and
salt excretion. In both of these functions, the kidney represents a sort of
gyroscopic control designed to maintain internal constancy in the face of
wide variations in extrarenal osmotic and water losses. However, renal regu-
lation of water loss and salt (osmotic) loss is conditioned by modifying in-. fluences of the endocrine system, through the posterior pituitary and adrenal
glands. Furthermore, functions of both the kidney and the endocrine regulat-
ing mechanisms are themselves controlled by dietary intake of osmotic material
and water. Thus, discussion of the homeostatic control of total body water
and osmotic state becomes exceedingly complex. Inasmuch as such a discussion
must include data regarding renal function, osmotic intake and excretion,
voluntary water intake, water diuresis, and total body water, in a subsequent
section we will correlate these variables in a speculative treatment of the
functional organization of the systems involved.

From a consideration of the data described in Figure III. 31, one
interesting generalization can be made. Heretofore, the three variables-
total body water, water diuresis, and osmotic excretion--were considered to be

.independent. However, it is evident in the figure that in either of the two
populations (unlimited water or limited water), the three variables are mathe-
matically not independent but are interrelated. When one of the three is con-
sidered, then the other two are no longer separate and distinct entities, but
are mathematically related to the first.

Important aspects of this mutual interdependence are illustrated by the
limited water groups. It was thought earlier that state of hydration could
not be accurately predicted by the renal response to a water loading test in
subjects exhibiting a low osmotic excretion. It is seen, however, that if
the osmotic excretion is low and the diuretic effect of water is pronouncedp
then an individual who has been subjected to water deprivation will be in a
state of hydropenia of predictable degree. Conversely, knowing the state of
hydration and rate of osmotic excretion, the renal response to water can be
predicted.

It was pointed out in the previous section of this report that subjects
subsisting on high osmotic regimens with limited water were sharply distin-
guished from those on low osmotic regimens with respect to the diuretic effect
of a water load. The sigmoid relationship between the two variables, osmotic
excretion and water diuresis,is shown in Figure Il. 31. The steep slope of
the curve has been remarked upon earlier. Attention is called to the diuretic
response (% recovery) in subjects whose osmotic excretion is 400 pOsm/min.
This value (49% recovery) lies within the range of values obtained on normally
hydrated individuals, who were presumably in osmotic balance (pre-period
tests). When the osmotic excretion is increased to 470 pOsm/min, the net %
recovery becomes 25%, a value abnormally low. This point coincides with the
mid-point of the slope between the two points of inflexion. At an osmotic
excretion of 500 Wsm/min, the diuretic action of the water load has almost
disappeared (net recovery: 10%). We interpret these findings as an indica-
tion that the narrow range of osmotic excretion, 450 to 500 WOsm/ain, repre-
sents a critical minimum rate of excretion of osmotic substance, below which
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the renal tubule fails to perform its water-conserving function even in the
face of severe bodily dehydration.

The reflection of this influence of osmotic load on renal water re-
absorption is evident in the changes in total body water in these subjects.
It is shown in the accompanying figure that a minimum degree of hydropenia
was produced by water deprivation in those subjects who subsisted on regimens
providing osmotic material for excretion at the rate of approximately 500
pOsm/min. In these men, the renal reabsorption of water was very efficient
(see above). At higher rates of osmotic excretion, hydropenia became pro-
gressively more severe as osmotic load increased. A similar response though
opposite in direction, was noted in lower osmotic loads. In the former case,
dehydration presumably was of the water deprivation type; in the latter, of
the mixed salt and water variety. Thus, the ideal regimen for individuals
whose water intake must be restricted should include osmotic substances in
amount sufficient to provide a rate of osmotic excretion within the above
critical range if the body water is to be preserved to an optimal degree.

This conclusion fails to agree with those of Gamble (1947) and many other
investigators, who advocate the use of pure carbohydrate (low osmotic) regi-
mens for the purpose of preservation of body water during water restriction.
Although it is true that low osmotic regimens permit small minimum daily urine
volume, the present results indicate that they do not prevent salt-depletion
dehydration.

It should be noted that the ST 0 regimen has been distinguished from all
other regimens in Figure 111. 31. This has been done because observations
upon starving subjects have frequently failed to comply with theoretical
principles, or to correspond with results on diets similar to ST 0 in certain
respects. It has therefore been omitted, as anomalous, in many formulations
of general hypotheses. We feel this omission is justifiable because of the
multitude of poorly understood concomitants of starvation. In this connection,
it is of interest to point out that these data support Gamble on one point.
It is obvious (Figure III. 31) that when water is restricted, a low osmotic
regimen (pure carbohydrate) causes a relatively lower (but still severe)
hydropenia than does starvation. Many of Gamble's conclusions are based on
comparisons between carbohydrate regimens and starvation. It is clear from
the present data that neither of these two regimens is desirable in conditions
which force water restriction.
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TABLE III. 79

WATER DIURESIS, OSMOTIC EXCRETION, AND A o SPACE

COMBINED DATA; WINTER 1954, SUMMER 1955
MEAN, ALL SUBJECTS

S Experimental No. of Water Diuresis Osmotic AD2 0 Space

Regimen Subjects Test Excretion
Exp II Exp II Pre-Exp

(Net % Recovery) (MOsm/min) (lit~ers)
S ST O .. U 15 492 371 -4.53

L 15 49.5 435 -8.48
0/I0O/0 u 8 57.2 173 -2.92

1000 L 8 48.4 207 -7.15
0/100/0 U 7 52.5 191 -3.59

2000 L 8 63.4 188 -4.95

2/20/78 U 6 62.0 448 -1.17

1000 L 8 47.0 393 -5.48

2/20/78 U 8 70.8 612 +0.28

2000 L 8 9.7 527 -5.35

15/52/33 U 7 55.0 458 -1.97
1000 L 7 32.3 428 -4.40

15/52/33 U 8 65.2 826 +0.08

2000 L 5 0.O 567 -3.44

15/52/33 U 8 76.1 727 -0.79

3000 L 6 10.3 881 -5.61

30/0/70 U 7 58.2 686 -2.47
1000 L 7 6.8 585 -4.8o

30/0/70 U 8 70.7 828 -2.06

2000 L 7 6.5 886 -797
1 FRA 21 71.2 884 +1.13
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WATER DIURESIS TEST, A D20 SPACE, a OSMOTIC EXCRETION
WINTER 1954 a SUMMER 1955

(Each point represents mean of 6-15 subjects)
WATER UNLIMITED WATER LIMITED

a 0 - • 0 Co-ntrols
v-- d 

- 0
2
0 

SpaceX- 2 X Water Diuresis

4 -

C'i r +.+Q82o-8-<00
,•y. S - ± +0.81 ••ro

80- WATER UNLIMITED - WATER LIMITED

d_. -- Xy R 4-2 0 +0
2

8

60-_- Xr+9

w- -- •,.

dr•E 40-.4
x

w ~ y 47.6 +0.0265x
X~O 20- r +40.99

w O- -< 0.00I
Sy~ ±4.1

0 11 ' I 'II I ' I

0 200 400 600 800 1000 0 200 400 600 800 1000
OSMOTIC EXCRETION (pOsm/min)

FIGURE III. 31. WATER DIURESIS, OSMOTIC EXCRETION,
AND AD2 0 SPACE. COMBINED DATA: WINTER 1954., SUMMER,
1955, MEAN ALL SUBJECTS.
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3. Body Fat

Previous experience (wADc TR 53-484, Part 2) indicated that measurement of
skinfold thickness by different individuals introduced wide variations into the
estimates of body fat on the same subject. For this reason, during the summer
tudy, all measurements were made by one individual (F.S.). If personal errors

*re made, they were at least constant. Therefore, we feel that the data collect-
ed during this study are much more reliable and consistent than those collected
during winter study of 1954.

The pre-period data on body fat are given in Table III. 80. Insofar as per
cent body fat is concerned there is reasonably close agreement among the five
groups (Table III. 80A). The differences that are present correlate well with
body weight. The lightest flight--Flight 2--is the leanest and the heaviest
group-FRA-is the fattest. Three groups--Flights 2 and 4, and FRA--gain body
fat during the pre-period. The other two groups do not change significantly.
Similar trends are evident in the data for kilograms of body fat (Table III*
80B). Here, however, the variations are smaller in magnitude.

Effect of Experimental Regimens. Data on per cent body fat are detailed in
Table 1II. 81. Inspection of the table indicates that only small variations
occurred. Per cent body fat tended to decrease during the experimental periods

~nd to increase again in recovery. In general, the men were leaner at the end
of recovery than they had been when the investigation began. Work load did not
play a large role, nor did nutrient regimen. There is a suggestion that less fat
was lost by men on limited water than by men on unlimited water.

Turning to absolute changes in body fat (Tables III. 82), we find striking
confirmation of these observations. In order to clarify the trends and more
fully to evaluate the influence of work load, nutrient regimen, and water,
Table III. 83 has been prepared. There we show the per cent decrease in kilograms
of body fat from the pre-period to EXP II. The data were calculated from the
following equation:

S % Decrease - 1Ox (ave kg Body Fat in P I + P II) " (kg Body Fat in EXP II)
(av. kg Body Fat in P I + P II)

Examination of Table II1. 83 brings out several significant facts. (1) men
on starvation lost the greatest amount of fat. (2) Men on 1000-Calorie regimens
tended to lose more body fat than those on 2000-Cal/day. (3) Work load did not
consistently modify magnitude of fat loss. (4) Men on limited water lost less
fat than men on unlimited water. This last observation was true for eight of
ten hard work regimens and five of nine light work regimens. The reason for this
effect of work is not at once apparent, but a working hypothesis is that differ-
ences in degree of dehydration may account for it. We, at any rate, consider
that the data confirm a conclusion reached in the temperate study of 1953.
Limitation of water alters tissue turgor in such a way as to yield an apparent
increase in body fat or to reduce the magnitude of the decrease that would have
been measured had dehydration not been present. Basically then the changes in

* skin-fold thickness cannot be used accurately to calculate changes in body fat
when there are concurrent swings in tissue hydration.
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TABLE III. 80

PRE-PERIOD DATA ON BODY FAT
PI PII

Flight M Range M Range

A. Per Cent Body Fat
1 5.1 2.5-.16.3 5.1 3.0- 8.9
2 14.8 3.0-10.0 5.6 2.8-Ul.9
3 6.2 3.O-11.5 6.0 3.5-n1,
4 5.0 3.0-11.5 5.6 3.0-15.0
FRA 5.8 3.2-13.2 6.7 2,6-12.7

B. kg Body Fat
1 3.6 1.6-Uh.6 3.4 1.7- 7.3
2 3.2 1.7- 8,3 3.7 1.8- 9.8
3 4.4 2.1- 8.8 4.2 2.4- 8.6
4 3.4 1.8-10.2 3.8 2.1-13.3
FRA 4.3 2.1-,1.14 5.1 2.6-12.7
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TABLE III. 83

PER CENT LOSS OF BODY FAT DURING
EXPERIMENTAL PERIOD: ALL REGIMENS

Nutrient Hard Work Light Work*
..Regimen U L U L

VST 0 29.0 (1)* 30.6 (•) 37.7 '2I.2 (2)
0/100/0 1000 22.4 (1) 21.2 (2) 14.3 (2) 22.6 (2)
2/20/78 1000 17.9 (1) 13.7 (2) 21.4 (1) 19.0 (2)
15/52/33 1000 22.8 (2) 2.1 (1) 18.6 (2) 20.0 (2)
30/0/70 1000 12.6 (2) 16.7 (1) 23.8 (1) 21.6 (2)
0/100/0 2000 11.8 (2) 8.6 (2) 15.4 (3) -15.0 (1)
2/20/78 2000 9.8 (1) -.. 4 (2) 4.6 (1) 13.2 (1)
15/52/33 2000 8.0 (1) -25.0 (1) 11.2 (2) 19.6 (2)
30/0/70 2000 17.0 (2) 10.2 (2) 14.0 (2) 9.5 (1)
15/52/33 3000 12.4 (2) 3.8 (2) -3.2 (2)FRA ~-5.8 (11) 5- ... 58 (11) . .. -

h. Photographic Record of Subject's Bodies

Two photographs, one front and one side view, were taken of each subject
during the pre-period and again at the time of physical examination at the.termination of the experimental period. Sometimes a photograph will show

Ochanges which cannot be described effectively in words. Of the many photo-
graphs thus accumulated, we show examples from the two flights which were most
different: Flight 2, Hard Work, Limited Water; and Flight 3, Light Work, Un-
limited Water. "Before" and "After" front views are shown for subjects with
each calorie intake and for most of the different nutrient combinations. In
Flight 2, photographs are missing for both subjects on 15/52/33 1000, and in
Flight 3 for both subjects on 0/100/0 2000. The photographs are grouped as
follows: Figure III. 32, Hard Work, Limited Water, Starvation 1000-Calorie
regimens, and one FRA; Figure III. 33, Hard Work, Limited Water, 2000-and
3000-Calorie regimens; Figure III. 34, Light Work, Unlimited Water, Starvation

~ and 1000-Calorie regimens; Figure III. 35, Light Work, Unlimited Water, 2000-
"Wand 3000-Calorie regimens, and one FRA. Starvation, dehydration, 1000 Calories,

and hard work all produced marked bodily changes. Higher calorie intakes and
adequate hydration were still associated with a Athinning down" of the subjects.
The FRA's, as might be expected, showed few changes that could be detected
photographically.

5
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FIGURE IIl. 32. SUBJECTS OF FLIGHT 2 BEFORE AND AFTER
EXPERIMENTAL PERIODS (ST 0 AND 1000 CALORIES, LIMITED
WATER: FRA).

A. Subject 26: PRE O
B. Subject 26: Starvation
C. Subject 27: PRE
D. Subject 27: 0/100/0 1000
E. Subject 32: PRE
F. Subject 32: 30/0/70 1000
G. Subject 36: PRE
H. Subject 36: 2/20/78 1000
I. Subject 95: FRA (PRE)
J. Subject 95: FRA (EXP)
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FIGURE III. 33. SUBJECTS OF FLIGHT 2 BEFORE AND AFTER
EXPERIMENTAL PERIODS (2000 and 3000 CALORIES, LIMITED
WATER).

A. Subject 29: PRE
B. Subject 29: 0/100/0 2000
C. Subject 33: PRE
D. Subject 33: 30/0/70 2000
E. Subject 38: PRE
F. Subject 38: 2/20/78 2000
G. Subject 42: PRE
H. Subject 42: 15/52/33 2000
I. Subject 43: PRE
J. Subject 43: 15/52/33 3000

m4

0
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FIGURE I1. 34. SUBJECTS OF FLIGHT 3 BEFORE AND AFTER
EXPERIMENTAL PERIODS (ST 0 AND 1000 CALORIES, UNLIMITED
WATER).

A. Subject 48: PRE
B. Subject 48: Starvation
C. Subject 49: PRE
D. Subject 49: 0/100/0 1000
E. Subject 53: PRE
F. Subject 53: 30/0/70 1000
G. Subject 57: PRE
H. Subject 57: 2/20/78 1000
I. Subject 62: PRE
J. Subject 62: 15/52/33 1000
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FIGURE 111. 35. SUBJECTS OF FLIGHT 3 BEFORE AND AFTER
EXPERIMENTAL PERIODS (2000 AND 3000 CALORIES., UNLIMITED
WATER; FRA).

As Subject 55: PRE
B. Subject 55: 30/0/70 2000
C. Subject 60: PRE
D. Subject 60: 2/20/78 2000
E. Subject 63: PRE
F. Subject 63: 15/52/33 2000
G. Subject 66: PRE
H. Subject 66: 15/52/33 3000
1. Subject 100:FRA (PRE)
J. Subject 100:FRA (Exp)
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D. REACTION TO HEAT

1. Weather during Heat Acclimatization Test

The heat acclimatization test was designed for subjects to perform a stand-
ard work load under the prevailing ambient weather. The men performed a paced
march walking around a track at 3.75 m.p.h. For the average subject weighing
approximately 68 kg, this work involved an energy expenditure of 4.3 Cal/kg/hr
x 68 kg or 290 Cal/hr. If the weather proved to be hot, it would allow us to
evaluate the heat tolerance of subjects subsisting on various regimens of re-
stricted food and water intake.

The principal meteorological observations are summarized in Table III. 84.
There we have averaged the half-hourly observations made during each two-hour
period of testing. The dry-bulb temperature (D.B.T.) ranged from 79.70 to 96.40F;
the wet-bulb temperature (W.B.T.), from 62.30 to 79.9 0 F. The air motion was
never excessive and the wind velocity ranged from 197 to 477 ft/min. From these
parameters we derived, with the use of appropriate nomograms, the two indices of
heat stress; viz., effective temperature and predicted four-hour sweat rate.
(Table III. 8 4). The "effective temperature" (E.T.) was read from the "basic
effective temperature scale" of Bedford (1950). Our subjects generally marched
dressed only in shorts, shoes and socks, and cap. The predicted four-hour
sweat rate (P.b.S.R.) was calculated from the basic four-hour sweat rate using V
assumptions regarding work-load and the nomograms of Smith (1955).

During four of the five weeks the weather was very warm. We were particu-
larly fortunate in that during the P II (2 and 3 July) and EXP (10 and 1 July)
tests on Flights 2 and 4 the men weather conditions were essentially identical.
This fact has simplified much of the statistical work which will be described
below.
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TABLE Ill. 84

MEAN AMBIENT WEATHER DURING HEAT ACCLIMATIZATION TESTS
TOGETHER WITH DERIVED INDICES OF HEAT STRESS

"Air Basic- Predicted
Date Dry Bulb Wet Bulb Motion, Effective Sweat Rate Sweat Rate

-of Test Flight Temo. Temp 0 F ftmin Tem•.,OF •L) _•L
26 June 1 80.4 64.3 289 65.1 -0.50 1.05
26 June 2 79.7 62.6 322 70.2 -0.55 1.00
27 June 3 82.2 63.8 356 65.5 -0.40 1.15
27 June 4 84.8 64.8 321 67.8 -0.20 1.35
2 July 1. 93.8 78.5 335 79.8 +0.55 2.10
2 July 2 94.8 78.3 224 80.8 +0.60 2.15
3 July 3 95.1 77.1 246 80.0 +0.60 2.15
3 July 4 94.6 77.1 197 79.5 +0.60 2.15

10 July 1 96.0 79.9 201 t20.4 +0.70 2.25
10 July 2 94.9 78.2 256 80.5 +0.60 2.15
11 July 3 92.3 71.7 477 74.2 +0.30 1.85
11 July 4 94.3 70.5 337 75.8 +0.50 2.05
19 July 1 5-.2 77.0 215 75.4 -0.15 l.O.40
19 July 2 88.2 77.2 355 75.5 +0.05 1.60O 20 July 3 90.0 78.4 276 78.0 +0.25 1.80
20 July h 89.8 78.2 293 77.8 +0.25 1.80
24 July 1 66.7 76.1 227 75.5 -0.10 1.45
24 July 2 81.3 76.0 205 72.5 -0.35 1.20
25 July 3 96.4 75.6 221 80.0 +0.65 2.20
25 July 4 94.0 73.4 226 77.8 +0.50 2.05

*Calculated from nomogram in Smith (1955)

"•Moderate work: add 1.55 L to basic value.

2. Rate of Total Body Sweating

* The pre-period data for rate of total body sweating are summarized in
Table III. 85. Paired values on rate of sweating during the several periods
for the men on the different nutrient combinations are given in Table III. 86.
In order to evaluate these data, we first made a study of sweat rates among
the FRA subjects.

Complete data were available for 11 of the 12 originally assigned to this
regimen. It was felt that if trends or correlations were present among the
data of this small group, we would better be able to manage the large mass of
observations on the other 88 men. A plot of dry bulb temperature vs. mean
sweating rate (which was assumed to be equal to the weight loss during the

• " march) revealed a low correlation coefficient (+0.37, P - 10%). The wide
scatter of points suggested that individual variability was lowering the sig-
nificance of the correlation. We suspected that body weight might be one
variable causing this scattering.. Rate of Sweating and Body Weight. A plot of body weight vs. sweating
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rate, for days on which the effective temperature exceeded 80 0F., indicated a
correlation coefficient of +0.41 which was significant at the 10% level* This
association suggested a direct relationship between body weight and sweat loss.
A similar correlation has been reported by Adolph (1947). He found that sweat-
ing rate was also correlated with body surface area. However, in the present
subjects there was essentially a linear relationship between rate of sweating
and body weight, and no greater variation than 5% in the range 50-1OO kg. A
similar analysis was made of the rate of sweating in P II of the EXP subjects
(the 88 men destined to go on restricted food and water in the experimental
periods) with results shown in Table III. 87 and Figure III. 36. Significant
correlations were obtained in all flights between total rate of sweating and
body weight.

SWEAT RATE VS. BODY WEIGHT
• White Subjects x Negro Subjects

FLIGHT I FLIGHT 2
DBT 93 8vF; WBT478.5IF oT= 94.8°F; WBT= 78.3-F

1200- 0

Xe0
1000-

00X

- 800- b 9.92 b 7.84
0 r .+057 r +0.42

LJ -P<O.OI P, 0.10

iI-

FLIGHT 3 'FLIGHT,4
SDBTg.95I°F; WBr=T77IF DBT=94.6°F,- WBr=7.I-F

4100-X

C/ ,

X X

1200-
X 0@ r

00
0

1000- / 0 b 10.63 b- b8A64
X 0 e+04 r = O.42
*0 P,0.05 O@ P- 0.05

X

I I I I I X I I I
50 60 70 80 90 50 60 70 80 90

BODY WEIGHT (kg)

FIGURE III. 36. RATE OF TOTAL BODY SWEATING VS. -•
BODY WEIGHT FOR WHITE AND NEGRO SUBJECTS.

In view of this relationship, all of the total rates of sweating were
corrected to correspond with a standard 65-kg man* In the case of the FRA's,
actual body weights for each period were used. In the case of the experimental
subjects, the corrected sweat rate (C.S.R.) was calculated for each of the five
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tests using the subject's pre-period weight. It was assumed, we think reason-
ably, that loss of body tissue from undernutrition would not change the number
or activity of the eccrine sweat glands. Pre-period data for C.S.R. are in
Table III. 88, and for all periods in Table III. 89. The data of Table III.
89 are summarized in Table II. 90.

Corrected Sweat Rate vs. Ambient Temperature and Indices of Heat Stress.
When the corrected sweat rates for the FRA's were plotted against ambient dry-

bulb temperature, wet-bulb temperature, and effective temperature, linear trends
of C.S.R. on temperature were evident (Figures III. 37 and III. 38). Regression
lines and correlation coefficients were calculated for D.B.T., W.B.T., E.T.,
and P.4.S.R. In these calculations mean data were used; i.e., mean C.S.R.'s for
the FRA subjects in each flight and mean C.S.R.'s for the EUP subjects in each
flight (Table IV. 91). For the FRA's all five periods were used in the statis-
tical analysis; for the EXP's the experimental periods were omitted, for at
this time the subjects were on many different diets and were not considered
"normal."

The statistical data are summarized in Table III. 91. High correlations
are evident in each instance. Both for FRA and EXP subjects the lowest cor-
relate was W.B.T. These data indicate that in order to evaluate the effect of
the experimental regimens we must compare the observed C.S.R.'s with an ex-. pected value of the C.S.R. The expected values were calculated from the "dry-
bulb temperature" regression equations. This parameter was used because later
work on the heat tolerance of these subjects revealed that an index of Ladell
(1951) was linearly related to dry-bulb temperature but curvilinearly related
to effective temperature.

Effect of Nutrient Regimen on C.S.R. Inspection of Table III. 92 and
Figure ITI. 3b indicates a uniform decrease in the mean C.S.R. for the UXP sub-
jects in the experimental period. Since the dry bulb temperature was constant
from P II to EXP I for Flights 2 and 4 we can apply the *t" test to measure the
significance of the differences of the means. For both flights the probability. that the differences were significant was less than 0.001.

When mean predicted sweat rates were calculated from the appropriate regres-
sion equations and compared with observed sweat rates, the differences shown in
Table III. 93 resulted. Each is highly significant. The flights on limited
water tended to show greater decreases than those on unlimited water but that
trend is not significant. The only conclusion justified is that some aspect of
the experimental period caused the sweat rate to decrease among all subjects.
Since the FRA's do not show comparable decreases or differences from predicted
C.S.R. the nutrient regimens must be involved.

When we examine the sweat rate deviations (observed C.S.R. minus C.S.R.
predicted from regression equation) for the subjects on the several regimens
(Figures I1. 39 and I1. 40), it becomes evident that all of them sweat at a
slower rate in the experimental period. Thus the C.S.R. does not discriminate
significantly among nutrient regimens or between levels of water intake or work
load. We are left with the possibility that some factor common to all EXP
subjects provoked the reduced C.S.R. This factor may have been general
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dehydration, a supposition strongly suggested by results of determination of total
body water. Such results will be of great significance, for it is still a moot
point whether or not rate of sweating is diminished by dehydration (Adolph,
1947).

The C.S.R. of the Negro. Before proceeding further with the analysis of
heat tolerance and nutrient regimen, we must consider the problem of whether
or not the Negro sweats at a different rate than the white subject. Our data
have been carefully scrutinized on this point. The results (Table I1. 94 and
Figure I11. 36) indicate that as a group the Negro subjects do not sweat at a
significant different rate from the white subjects. There are individual
Negroes, however, who do sweat at very low rates: two EIP subjects in Flight
4 and four FRA subjects. Because an equal number of white subjects sweat at
comparably low rates we do not feel justified in differentiating between these
two racial types in our interpretation of data involving rates of sweating.

TABLE III. 85

PRE-PERIOD DATA ON RATE OF TOTAL BODY SWEATIN
(1/hr)

P 'I .. .. . I T .......

Flight N M s.d. C.V. N M s.d. C.V.

1 22 0.60 0.17 27.9 21 0.94 0.11 11A.
2 21 0.56 0.08 15.3 20 0.97 0.10 10.0
3 21 0.66 O.lO 10.7 20 1.15 o.14 12.6
4 21 0.66 0.19 29.4 22 1.02 0.12 11.7
FRA 12 0.67 0.16 24.4 Ui 1.114 0.18 15.8
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TABLE III. 87

CORRELATION BETWEEN BODY WEIGHT AND
SWEAT RATE: EXP SUBJECTS IN PRE II

Slope
Flight (ml/kg) r P
1 9.92 +0.52 0.01
2 7.8h +0.42 0.10
3 10.63 +0.45 0.05
4 8.64 +0.42 =.0o5

TABLE III. 88

PRE-PERIOD DATA ON CORRECTED SWEAT RATE
(L/hr)

P I P II
Flight N M s~d. C.V. N M s ,d, C..
1 22 016.5 .... 0,14 .. 23.9 21 ... ..0.93 0.10 10.3
2 21 o.57 0.I0 16.4 19 0.97 0.10 10.7
3 21 0.62 0.08 12.8 20 1.07 0.25 23.2
4 21 0.65 0.22 34.2 22 1.00 0.Ii 11,2

FRA II 0.60 0.16 26.9 11 1.01 0.16 15.9
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TABLE III. 90

MEAN CORRECTED SWEAT RATE
(mlwhr)

P I P II EXP I REC I REC II
Flight M±s.d. M±s.d. M±s.d. M±s.d. M±s.d.

FRA Subjects*
1 484 899 875 681 650
2 544 980 982 844 722
3 718 1140 796 1025 874
4 646 998 854 838 812

EXP Subjects
1 581±139 931± 96 b7T11h 732±106 775±125
2 568± 93 974±lo4 824± 74 757± 86 704± 95
3 622± 80 1072±249 736±108 867+468 792±330
4 469±222 1002+112 709±112 919±247 770±412

*s.d. not calculated; three subjects in Flights 1, 3, and 4; two in

Flight 2.

TABLE Ill. 91

CORRELATION BETWEEN CORRECTED SWEAT RATE
AND INDICES OF HEAT STRESS

FRA Subjects (All Periods)
Index bV r S y.x. P
Dry Bulb 8IT ± 95 < 0.001
Wet Bulb 20.96 +0.71 ±115 <0.001
Effective 26.07 +0.80 ± 97 <0.001
"lP.4.S.R."* 325.83 +0.84 ± 88 <0.001

EXP Subjects (Pre- and Recovery Periods)
Index b- r Sy.x. P
Dry Bulb 22.3+ 7 t-0<050
Wet Bulb 21.04 +0.82 ± 85 <0.001
Effective 25.83 +0.89 ± 68 <0.001
"P.4.S.R."" 304.54 +0.87 ± 73 <0.001

•b - slope in regression equation Y - a + 6x

""P.4kS.R." - Predicted Four-Hour Sweat Rate.
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TABLE III. 92

MEAN PREDICTED SWEAT RATES (C.S.R.)(mllhr)

A. EXP Subjects**
Period

Flight P I P II EXP R I R II
1 613 911 967 720 753
2 597 934 936 787 633
3 653 940 878 827 969
14 711 929 923 822 916

B. FRA Subjects"
Period

Flight P I P II EXP R I R II
i1 596" 915 ........ 967 710 746

2 579 939 941 782 617
3 639 946 879 824 977
4 701 934 927 820 920

*C .S.R. - 22.30(D.B.T. )-1180.28
**. S.R. - 23.•82 (D. B. T.)-1319.•42.

TABLE I1. 93

COMPARISON OF OBSERVED AND PREDICTED MEAN CORRECTED
SWEAT RATES FOR EXP SUBJECTS IN EXPERIMENTAL PSRIOD

Corrected Sweat Rate
Flight Observed Pr-edictedl Difference
1 571- 967-96 ...
2 824 941 -117
3 736 879 -143S4 709 927 -2o6

TABLE 111. 94

HEAT ACCLIMATIZATION TEST: COMPARATIVE
PRE-PERIOD DATA ON CORRECTED SWEAT LOSS AMONG

WHITE AND NEGRO SUBJECTS
(L/hr)

P I PII
Flight White Negro White Negro

.•1 0 .59 (16)-w 0.56 (6) 0.93 (15) 0.94 (6)
2 0.56 (16) 0.58 (5) 0.98 (16) 0.98 (4)
3 0.62 (17) 0.62 (4) 1.08 (16) 1.04 (4)
4 0.66 (15) 0.61 (6) 1.02 (16) 0.95 (6)

FRA 0.64 ( 7) 0.53 (4) 1.08 ( 7) 0.88 (4)

Numbers in parentheses indicate number of subjects.
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CORRECTED SWEAT RATE
VS. INDICES OF HEAT STRESS

(FRA SUBJECTS, SUMMER 1955)

DRY-BULB WET-BULB
1400- TEMPERATURE TEMPERATURE

"+0.81 r= +071

c- 1200- P0.o0oo P0o.ool

E 1000-

LuI 800-

S600-

.- 400 I I I I I I I I
70 75 80 85 90 95 60 65 70 75 80 85LIj

3 OF OF
U)F

SEFFECTIVE PREDICTED
ILJ 1400- TEMPERATURE 4-HR SWEAT RATE

r• +0.80 r =+0.84

Ll 1200- P0.001 P<0.001

x1000- 0

00S800-

600--

400- I I I I I i I I I

60 65 70 75 80 85 0.0 0.5 1.0 1.5 2.0 2,5

OF LITERS

FIGURE III. 37. CORRECTED SWEAT RATE VS. INDICES
OF HEAT STRESS: FRA SUBJECTS.

A
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CORRECTED SWEAT RATE
VS. DRY-BULB TEMPERATURE

"-z (SUMMER 1955)

E__I200-
E 1200-FRA 

Subjects
bjct 1100Experimentlo Subjects

Soo00- ./ (Proe ond Rec)

ci / _ " //1000- / *.

S900 /E

800 // ~ Experimental Subjects800- /" ! " PRE ond REG

700- / * /V EXP I
0/ // EFlight I (U)

L_ 6 0 0 / E3 Flight 2 (L)

Hf 
// 

1 Flight 3 (U)

5)/// V Flight 4 (L)

a: 400

0 70 75 80 85 90 95 100
DRY-BULB TEMPERATURE (OF)

FIGURE I1. 38. CORRECTED SWEAT RATE VS. DRY-
BULB TEMPERATURE: ALL SUBJECTS.

HEAT ACCLIMATIZATION TEST::

SWEAT RATE DEVIATIONS
"HARD WORK; SUMMER.1955

S S T 0 0/100/0 2/20/78 15/52/33 30/0/70 FRA
1000 1000 1000 1000 (Control)

I- +0.10 A

o.oc/

-0.2C -28

C_ N3000 0/100/0 2/20/78 15/52/33 30/0/70 Water Intake
X

+0.2 2000 2000 2000 2000 U
0E+o.2 II/I

0+./ / %P/%CHO/%F"L 0.00o y/ --A 1 AN / .. ./.Calorie
S\ \ / \./Intake

-0.2
• • ~~~~PRE EX(IRECIPRE IEMdREC PR EXJREC :'EIXREC "REIXRCPREIEXIREC

PERIODS OF STUDY

FIGURE ITT. 39. SWEAT RATE DEVIATIONS: HARD WORK.
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HEAT ACCLIMATIZATION TEST::

SWEAT RATE DEVIATIONS
LIGHT WORK; SUMMER.1955

S T 0 0/100/0 2/20/78 15/52/33 30/0/70 F R A1 000 1000 1000 1000 (Control)

+0.40

-0.20

-0.40
SN3000 0/100/0 2/20/78 15/52/M 3010/70 Water Intake

2000 2000 2000 2000 U
W +0.40 +.7o0--

0+0.20 %PI%CHO/%F>

S0nta.ke

0-- .4 P

,'EIXI E PRE 1EXJRE C PRE 1EXJREC PRE QEXRE C PREIEXJREC PRE •XRE C
PERIODS OF STUDY

FIGURE III. 40. SWEAT RATE DEVIATIONS: LIGHT
WORK.

3. Rectal Temperature

Both exposure to heat and performance of muscular exercise will cause an
elevation of the rectal temperature. As a man becomes adapted to these stresses,
the same degree of heat or the same amount of work cause less of a rise of
rectal temperature. It follows then that if the experimental regimens had any
deleterious effects on our subjects, we should find an increase in rectal temp-
erature rather than a fall,

Prior to performing the paced march, and immediately afterwards, the rectal
temperature of each subject was measured with a Leeds and Northrup rectal
thermocouple inserted to a depth of 5 cm and held in place until a stable
potentiometer reading was obtained. The potentiometer was calibrated each week
prior to the heat acclimatization test. Table 1I. 95 contains pre-period data
for initial and final rectal temperatures and increment of rectal temperature
during the march. These data reveal a high order of inter- and intragroup con-
sistency. In order of magnitude, the resting rectal temperatures are compar-
able to values reported in the literature (Horvath, Menduke, and Piersol,
1950). Comparing pre-periods we find no significant trends for final rectal
temperature. In the case of initial rectal temperature all five groups showed
an increase, the differences being statistically significant for Flight 1 and
the FRA subjects. The exercise-increment of rectal temperature was, as a
consequence, less in P II than in P I, and the same groups had significantly
different mean values.
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Turning to variations in rectal temperature during five heat acclimatiza-
tion tests, we find that the initial rectal temperature failed to reveal any
striking trend (Table III. 96). There are no evident correlations with work
load, water intake, nutrient mixture, or period. On the other hand, in the
case of the final rectal temperature (Tables III. 97), there was a quite uni-
form drop in the experimental periods. Only six of the 40 values failed to de-.crease. No further change was evident in the recovery periods. Another interest-
ing observation is that among the men in the hard work flights those on limited
water and 15/52/33 1000, 2000, and 3000, and 30/0/70 1000 and 2000 had higher
final rectal temperatures than paired controls on unlimited water during the
test of the experimental period. The same phenomenon is evident among the men
doing light work but here only for those on 15/52/33 2000 and 30/0/70 1000 and
2000. The common denominator in these cases is high solute load. This trend
suggests that nutrient regimens with high osmotic demands (greater dehydration)
were causing deterioration of homeothermic mechanisms.

More striking demonstration of this thermal deterioration may be found in
data on exercise increment of rectal temperature (Table III. 98 and Figures III.
41 and II. 42). There is a uniform drop from P II to the experimental period
for both Flights 1 and 3, which were on unlimited water. The limited water
groups, however, showed an increase wherever the osmotic load was high (2/20/78
2000, 15/52/33 1000, 2000, and 3000, and 30/0/70 1000 and 2000).

In general the increments of rectal temperature decrease from P I to R II.
This trend suggests acclimatization. A curious finding, however, is the tenden-
cy of the increments to increase slightly in R II. Thirteen of 38 paired means
show this trend. One is tempted to suggest dysacclimatization due to six weeks
of exposure to moist heat under rather trying circumstances.

We must mention one other intriguing observation which has up to now been
incompletely studied. The observation concerns the final rectal temperature
of the FRA subjects. Study of those data plotted against effective temperature
brings out the fact that, with the exception of P II, the higher was the ambi-

* ent temperature the lower was the final rectal temperature. When the P II
(2-3 July) data are omitted from a calculation of the correlation coefficient,
one obtains a "r" of -0.87 (P less than 0.001). We have interpreted this
association as evidence of acclimatization. Whether the EXP subjects will show
the same correlation, we are not yet prepared to state. The deviant P II data
remain an enigma. One can hypothesize that these data are a manifestation of
a response to hotter weather than the subjects had previously experienced or
adapted to. The first five days of the testing period were relatively cool;
thereafter it became hot and stayed that way. Researches by the group at Fort
Knox point to an analogous process for men working under much hotter conditions
than those encountered at Camp Atterbury (Horvath and Shelley, 1946).

The analysis to this point has suggested that the heat acclimatization
test was, in fact, discriminatory. We have evidence that men on restricted
water and nutrient mixtures demanding high renal osmotic work had difficulty
maintaining thermal balance during a standard period of work. We might antici-
pate that the thermal dysfuntion would also be evident in sweating rates. The
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normal physiological adjustment to heat is a development of an ability to main-
tain thermal balance. This process is achieved by an onset of sweating at a
lower and lower rectal temperature. To inquire whether or not this phenomenon
was operating in our subjects we next proceeded with a study of the relation of
the sweat rate to the rectal temperature.

TABLE III. 95 0

PRE-PERIOD DATA ON HEAT ACCLIMATIZATION TEST-
FINAL AND INITIAL RECTAL TEMPERATURES;

AND RISE IN RECTAL TEMPERATURE
(OF)

PI P11
Flight N M s.d. C.V. N M s.d. C.Vo

Final Rectal Temperature
1 22 10l.4 0.2 o.2 21 101.3 0.6 0.6
2 21 101.1 0.9 0.9 20 101. 0.14 0.4
3 21 101.3 1.1 1.1 20 101.5 0.5 0.5
4 21 101.4 0.9 0.9 22 101.5 0.8 0.8
FRA 12 101.1 0.4 0.4 11 101.4 1.1 1.1

1* Initial Rectal Temperature
"22 9.9 0.7 0.d 21 99.5 0.2 0.2

2 21 98.9 1.2 1.2 20 99.5 0.4 0.4
3 21 98.9 0.7 0.7 20 99.5 0.4 o.h
4 21 99.2 1.1 1.1 22 99.5 o.4 0.4
FRA** 12 99.0 0.4 0.4 11 99.7 0.5 0.5

Rise in Rectal Temperature
1 22 2.5 0.6 24.0 21 1.7 0.5 28.6
2 21 2.2 0.8 36.3 20 1.8 0.7 38.8
3 21 2.3 0.7 30.4 20 1.9 0.7 36.8
4 21 2.2 0.7 31.8 22 2.0 0.6 30.0
FRA 12 2.1 0.5 23.8 11 1.7 0.3 17.6

"t" test on P I vs. P II
*P less than 0.001

P less than 0.005
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FIGURE III. 41. RECTAL TEMPERATURE INCREMENT:
HARD WORK.

FIGURE III. 42. RECTAL TEMPERATURE INCREMENT:
LIGHT WORK
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HEAT ACCLIMATIZATION TEST "
RECTAL TEMPERATURE INCREMENT

HARD WORK" SUMMER 1955
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4. An Index of Acclimatization

Since the corrected sweat rates and rectal temperature displayed trends
which suggested functional deterioration on certain nutrient regimens, we sought
to correlate the trends in order to gain insight into the phenomenon. Because of
its simplicity and its bioclimatologic reasonableness, we adopted Ladell's
(1951) index of acclimatization. This index is based on the premise that, after
acclimatization, standard work can be performed more efficiently. This is, in
part, a manifestation of increased rate of sweating at given rectal and ambient
temperatures. Thus, more sweat is secreted per degree-rise in rectal tempera-
ture. The threshold for sweating is lowered.-Indices of acclimatization (A.I.)
were calculated for each man according to the formula:

A.I. o Corrected Sweat Rate (ml/hr)
Rise in Rectal Temperature ( 0F/hr)

This index is not exactly the same as that of Ladell, He corrected the
sweat rates of his subjects not only for body weight but also for surface area.
We did not for reasons discussed above. His sweat rates and rectal temperature
increments were for 80 minutes of standard work. Our data are for 60 minutes of
standard work. The physiological basis for our index, however, is identical
and changes in the index have the same meaning as they would have under Ladell's
original conditions.

The basic data on the acclimatization index have been assembled in Tables
III. 99 and III. 100. The former gives the pre-period means together with
appropriate measures of variance, the latter the paired means for the five heat-
acclimatization tests. Since ambient environment may have influenced the
several data, we first studied that point and then scrutinized the residual
variation for an influence of nutrient regimen.

Acclimatization Index vs. Ambient Temperature and Indices of Heat Stress.
The effect of the D.B.T., W.B.T., E.T., and P.4.S.R. on the acclimatization index
was investigated statistically by the same procedures employed in analyzing the
corrected sweat rates (c.f., Table III. 91 and accompanying text). The mean
indices for the FRA and EXP subjects are given in Table III. 101. The correla-
tion data are detailed in Table III. 102. It is evident again that a high
degree of association exists between the A.I. and ambient weather. The correla-
tion between D.B.T. and A.I. is the highest for the EXP subjects while that be-
tween E.T. and A.I. is the highest for FRA subjects. The significant fact, how-
ever, is that the coefficients are uniformly lower for these indices and A.I.
than for the same weather parameters and C.S.R. (c.f., Table III. 91).

The reason for these low correlations becomes evident when we examine
Figure III. 43 wherein the mean acclimatization indices for the FRA subjects
(Table III. 100) have been plotted against D.B.T., W.B.T., E.T., and P.4.S.R.
The values for the five periods have been given different symbols. In each of
the four plots, the deviant points are those for P II. In that period, the
increments of rectal temperature increased over P I. Just prior to the test of
P II, the weather suddenly became very hot. The drop in A.I. represents a re-
acclimatization of the subjects to the increased warmth. Horvath and Shelley
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(1946) and Eichna et al. (1945) report that when subjects acclimatized to a
moderately hot environment are exposed to much hotter environment, they have to
re-acclimatize. Their ability to regulate body temperature during work deteri-
orates until they have made the necessary homeostatic readjustments. That our
men were generally successful in reacclimatizing is shown by the fact that their

*I.'s assume a linear relation to the indices of heat stress in subsequent
~riods. The major exception is one flight (FRA's of Flight 4) in EXP I. We

surmise that they required a longer period of readjustment because they were on
KP duty in a hot moist mess hall washing dishes. Study of the data for EXP sub-
jects in a similar manner suggests that the same process was operating among
them.

Effect of Experimental Nutrient Regimen on Acclimatization Index. Inspec-
tion of Table III. 100 and Figure III. 44 brings out a most interesting fact.

- The acclimatization indices for men on unlimited water changed very little,
while the indices for men on restricted water decreased. Since the dry bulb

* temperatures were comparable in P II and EXP I for tests of Flights 2 and 4,
we can apply the "t" test to measure the significance of the difference of the
means. In the case of Flight 2 "t" was significant at the 2.5% level; for
Flight 4, "t" was significant at the 10% level. These results are highly sug-
gestive and indicate that the index was discriminatory. The magnitude of the
differences can perhaps be more readily appreciated when we compare the ob-
Served A.I.'s with those predicted from the regression equation A.I. - 23.63
D.B.T.) - 1549.88 (Tables III. 103 and III. 104).

The residual variation of A.I. after correcting for influence of D.B,T, for
the subjects on different experimental regimens have been graphed in Figures
Ill. 45 and III. 46. Study of these figures brings out two patterns. In the
experimental period men on limited water exhibited a decrease in the A.I.; those
on unlimited water an increase. The patterns tend to contrast more sharply
among men on high osmotic intake than among men on low. In fact, for the men on
limited water and hard work, all showed a decrease except those on 0/100/0 1000
and 2000 and 2/20/78 1000. For the men on limited water and light work only
ýhose on 2/20/78 2000 and 15/52/33 1000 failed to exhibit a decrease in A.I.

0 en on the diets with high osmotic loads exhibited far greater decreases than
those on the low solute loads (c.f., ST 0 and 0/100/0 vs. 30/0/70). These facts
suggest that men subsisted on limited water did not deteriorate appreciably if
their nutrient regimen was low in osmotically active material (Table III. 62).
On the other hand, when the diet was a high osmotic regimen, the A.I. consist-
ently decreased suggesting deterioration of heat tolerance (Table III. 105).
These observations support the inferences drawn earlier regarding the increment
of rectal temperature during work.

Comment. Another fact may be inferred from study of Figures III. 45 and
III. U-.L imitation of water provoked a deterioration in heat tolerance. The
deterioration, however, endured only so long as the men subsisted on the partic-
ular experimental regimen. When the subjects began "recovery" the acclimatiza-
tion indices returned to expected values. Indeed in most cases, the A.I. rose

Sabove pre-period values. The deterioration caused by the simulated survival
r xperience did not interfere with the process of acclimatization. It may be
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concluded then that the mechanisms of acclimatization are independent of nutri-
ent mixture. In the face of restricted water, heat tolerance will diminish.
Once the water deficit is restored, the subject will clearly manifest the accll-
matization which has accrued during the period of dehydration. In a later sec-
tion we shall present evidence that the deleterious effects of water restric-
tion were manifest not only physiologically but also by development of s g
clinical dysfunction.

TABLE III. 99.

PRE-PERIOD DATA ON ACCLIMATIZATION INDEX
(L/°F)

P I P II
Flight N M s.d. C.V. N M s.d. C.V.
1 22 0.7 0.07 31.1 21 0.60 0.29 49.0
2 21 0.27 0.11 4o.3 20 0.56 0.16 28.9
3 21 0.29 0.10 34.5 20 0.66 0.37 56.4

4 21 0.33 0.17 51.7 22 0.53 0.18 34.0
FRA 11 0.29 0.12 39.6 11 0.63 0.12 19.0
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TABLE III. 101

MEAN ACCLIMATIZATION INDEX
(ml/0 F)

P I P II EXP I R I R II
Flight M±s.d. M±s.d. M-sd. M-s.d, M-±s.d.

FRA Subjects*
1 204 633 945 662 548
2 217 708 874 706 477
3 297 602 624 681 820
4 429 588 476 785 1138

EXP Subjects
1 242± 75 597±292 682±283 713±191 560o-14
2 278±112 565±163 459± 99 633±123 458± 68
3 290±100 655±369 634±4o4 684±312 738±22 2
4 330±170 533±181 429±201 849±257 918±269

*S.d. not calculated; three subjects in Flights 1, 3, and
4; two in Flight 2.

TABLE III. 102

CORRELATION BETWEEN ACCLIMATIZATION
INDICES AND INDICES OF HEAT STRESS

FRA Subjects (All Periods)
Index b" r Syx P
Dry Bulb 78 TOM( T_ M <0.001
Wet Bulb 30.22 +0.73 ±157 < 0.001
Effective 36.12 +0.79 ±141 <0.001
"P.4hS.R.t** 407.48 +0.31 ±218 <0.200

EXP Subjects (Pre- and Recovery Periods)
Index b* r Syx P
Dry Bulb 3 +7 1-13 <0*-0I
Wet Bulb 17.63 +0.56 ±151 < 0.025
Effective 2 1.14 +0.59 ±147 < 0.020
"P.4.S.R."* 285.00 +0.66 ±137 <0.010

-b - scope in regression equation Y m a+bX

**P.4.S.R" - Predicted Four-Hour Sweat Rate

5A
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TABLE Ill. 103

PREDICTED ACCLIMATIZATION INDICES

(ml/lF)

A. EXP Subjects*

Period
Flight P I P II Exp R I R II
1 350 667 719 463 499
2 333 690 693 534 371
3 393 697 631 577 728
4 454 686 678 572 671

* B. FRA Subjects*

Flight P I P II EXP R I R II
1 338 745 812 483 529
2 316 775 778 575 365
3 392 784 699 629 824
4 471 769 760 623 751

*A.I. - 23.63(D.B.T.)-1549.88
*A.I. - 30.38(D.B.T.)-2104.92

TABLE III. 104

COMPARISON OF OBSERVED AND PREDICTED SWEAT RATES
FOR EXP SUBJECTS IN EXPERIMENTAL PERIOD

Acclimatization Index
Flight Observed Predicted Difference
"1 602 719 -37
2 459 693 -234
3 634 631 +3
4 429 678 -249

TABLE III. 105

EFFECT OF SOLUTE LOAD* ON ACCLIMATIZATION INDEX
OF MEN ON RESTRICTED INTAKE OF WATER

Acclimatization Index
Low Solute Load High Solute Load

64 Flight P II EX? I % Change P II EXP I % Change
2 M 5 +9 5 24 1
4 431 381 -12 705 471 -33 j

"*"Low solute load" regimens: 0/100/0 1000 and 2000.
"High solute load" regimens: 15/52/33 2000 and 3000
and 30/0/70 1000 and 2000,
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ACCLIMATIZATION INDEX
VS. INDICES OF HEAT STRESS

(FRA SUBJECTS, SUMMER 1955)
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oPREII XnEXI VRECG

DRY-BULB WET-BULB
1200- TEMPERATURE TEMPERATURE

V V

-1000--
Sx x

o Xv V X
-800- v

-600- , '
XV.• X K V

Lw 400-
2000-Z 200- I i I - I I I'1

70 75 80 85 90 95 60 65 70 75 80 85
_0 OFO

SEFFECTIVE PREDICTED
-- 1200- TEMPERATURE 4-HR SWEAT RATE•<" O0-V V

1 x 0

-1 800-o x; x '
o600- 8

• X VS x

400- *, 6
200- t , I I I I I I

60 65 70 75 80 85 0.0 0.5 1.0 1.5 2.0 2.5
OF LITERS

FIGURE 11I. 43. ACCLIMATIZATION INDEX VS.
INDICES OF HEAT STRESS: FRA SUBJECTS.
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ACCLIMATIZATION INDEX
VS. DRY-BULB TEMPERATURE

hL (SUMMER 1955)0

E FRA Subjects
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FIGURE III. 44. ACCLIMATIZATION INDEX VS. DRY-
BULB TEMPERATURE: ALL SUBJECTS.

* WADe TR 53-484, Part 3 277



FIGURE III. 45. HEAT ACCLIMATIZATIZATION TEST. ACCLI-.
MATIZATION INDEX DEVIATIONS: HARD WORK.

FIGURE III. 46 . HEAT ACCLIMATIZATION TEST, ACCLI-
MATIZATION INDEX DEVIATIONS: LIGHT WORK.
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HEAT ACCLIMATIZATION TEST .....
ACCLIMATIZATION INDEX DEVIATIONS

HARD WORK ...... SUMMER,1955
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5. Pulse Rate

The pulse rate was measured with the subject reclining just before the
start of the paced march and again immediately at the end of the march. The pre-
period data on initial pulse rate, final pulse rate, and work increment of pulse
rate are given in Table lIl. 106. The initial pulse rates ranged from 76 to 85.
The values exceeded resting pulse rates which will be presented later in a sec-
tion on Cardiovascular Function. They are about what might be expected under
the circumstances of this test. The variance was reasonable and there were no
significant differences from P I to P II.

The final pulse rates ranged from 97 to 127. All means increased from P I
to P IV; in the cases of Flight 3 and the FRA's the increase was significant.
The increase was not unexpected in the light of evidence that heat tolerance de-
creased from P I to P II with the onset of hot weather. The variance of the
final pulse rate was of the same order of magnitude as the initial pulde rate.

The increment of pulse rate ranged from 12 to 20. Four of five groups
exhibited a greater work increment in P II than in P I. The upward trend, how-
ever, was, in no case, significant, primarily because the variance was relatively
great.

Initial Pulse Rate and Regimen. The pulse rates for the subjects are sum-
marized according to diet and period in Table III. 107. In general, the initialV
pulse rate was lower in the experimental period than in the pre-period. Among
the hard work groups, a decrease was noted among all regimens except O/1O0/O
1000 U, 0/100/0 2000 U, 2/20/78 2000 U, and 30/0/70 1000 L. Among the light
work groups the exceptions were 0/100/0 2000 L and 30/0/70 1000 U and L. No
significant trends are evident when different levels of caloric intake, differ-
ent diets, and different water intakes are compared. It is surprising that the
bradycardia of caloric restriction was not evident. We suggest that under the
conditions of this test, emotional factors tended to obscure that reaction.

Final Pulse Rate and Regimen. Data on final pulse rate are detailed in
Table III. 10d and graphically presented in Figures III. 47 and III. 48. Exami-
nation of these data indicates that the march was not especially taxing. Pulse
rates seldom exceeded 140. The regimens which did provoke high pulse rates
were, for the hard work men (Figure III. 47): 2/20/78 1000, 15/52/33 1000, and
30/0/70 1000 and 2000. In 3 of the four instances, it was the limited water
regimen which was the important element. Among the men doing light work
(Figure III. 48), it was primarily 30/0/70 1000 and 2000 which was associated
with high final pulse rates. Among these men, however, the cardiac acceleration
was not as pronounced as among the men doing hard work. The outstanding trend
is that the meat bar provoked a reduced cardiovascular efficiency. Greater
effort was required to accomplish the moderately difficult task of the paced
march.

Now it has been observed (Eichna et al., 1945) that pulse rate and rectal
temperature do not consistently correlate with physical performance in heat.
Among our men on meat bar, however, there was a good parallel. These men,
especially when water was limited, sustained high rectal temperatures, high final
pulse rates, and marked deterioration of physical performance (See Clinical
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Reactions below). Among other men, however, a high pulse rate did not correl-
ate with physical performance. We thus agree that pulse rate after work in
heat is not an independently reliable index of performance or state of accli-
matization.

In general, pulse rates of the recovery period were not remarkable. Men
who had exhibited high rates in the experimental period had lower values in
recovery. Men on ST 0 (Hard Work) and 0/100/0 2000 (Light Work) were the only
ones exhibiting high rates in recovery.

The increment of pulse rate (Table ITT. 109) varied in much the same manner
as the final pulse rate. These data will not be discussed in detail.

Influence of Ambient Weather on Pulse Rate and Rectal Temperature. Using
only data for FRA subjects, an analysis was made of the correlation between
pulse rate and D.B.T. and between rectal temperature and D.B.T. (Figure III.
49). Neither final pulse rate nor increment of pulse rate was correlated with
the D.B.T. On the other hand, there was a striking correlation between D.B.T.
and rectal temperature. In general, the higher the ambient temperature, the
lower the final rectal temperature and the smaller the increment of rectal
temperature during work. The deviant points in either case are for P II. We
conclude that this striking relation is a manifestation of acclimatization to. heat. The deviant points represent the reaction of re-acclimatizatlon already
alluded to. To our knowledge, this demonstration of acclimatization is unique.
Studies in climatic chambers have not revealed such a finding so strikingly,
principally because in such work the ambient temperature is fixed.

0
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TABLE III. 106

PRE-PERIOD DATA: FINAL AND INITIAL PULSE
RATES AND RISE IN PULSE RATE

(beats/min)

PTP II
Flight N M s.d. C.V. N M s.d. C.V.

Final Pulse Rate
1 22 112 16 14.3 21 116 18 15.5
2 21 97 16 16.5 20 107 15 14.0
3* 21 110 12 10.9 20 124 16 12.9
4 21 106 14 13.2 22 109 15 13.8
FRA* 12 103 14 14.0 10 118 19 16.5

Initial Pulse Rate
1 22 83 12 14.6- 21 85 15 17.3
2 21 76 9 11.4 20 81 13 15.5
3 21 82 11 12.9 20 84 10 11.8
4 21 80 9 11.5 22 78 8 10.7
FRA 12 78 9 11.1 11 85 6 7.4

Rise in Pulse Rate
1 22 30 17 55.5 21 32 12 38.8
2 21 21 12 57.1 20 27 14 54.3
3 21 29 12 43.1 20 40 15 36.2
4 21 27 13 47.7 22 32 17 54.7
FRA 12 25 17 71.7 10 34 20 58.8

"t" test on P I vs. P II

*P less than 0.001
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FIGURE III. 47. FINAL PULSE RATE: HARD WORK.

FIGURE I1I. 48. FINAL PULSE RATE: LIGHT WORK.

0
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HEAT ACCLIMATIZATION TEST: FINAL...
... PULSE RATE HARD WORK, SUMMERI1955
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DRY-BULB TEMPERATURE VS. PULSE RATE
AND RECTAL TEMPERATURE

(FRA SUBJECTS, SUMMER 1955)
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FIGURE III 49. DRY-BULB TEMPERATURE VS.
PULSE RATE AND RECTAL-TEMPERATURE: FRA
SUBJECTS.

6. Skin TImperature

The temperature of the skin surface was measured at two sites on two occa-
sions during the heat acclimatization test: (1) before and after the test and
(2) under the glove and on uncovered skin of upper arm ipsilateral with the
"glove" temperature. We shall first present data on the skin temperature under
the glove. This temperature was assumed to be representative of the thermal
conditions within the impermeable barrier and was used for study of effect of
skin temperature on volume and composition of glove sweat.

Skin Temperature under Glove. Pre-period data on final and initial skin
temperature and the increment under the glove are summarized in Table III. 110.
The standard deviation was of the order of l.O°F. All group means of initial
temperature increased significantly from P I to P II. The final skin temperature
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behaved similarly. The final temperature increased more than the initial, for
in all cases the increment of skin temperature during the march was greater in
P II than in P I. In three of the five groups the increase was highly significant
by the "t" test. This upward trend of skin temperature was correlated with the
increase in environmental temperature from P I to P II..Regimen and skin temperature under glove: Data on initial, final, and in-
crement in skin temperature under the glove are given in Tables III. 111, III.
112, and III. 113 for the several phases of the summer test. Examine first the
data on initial skin temperature. For the men doing hard work, during the ex-
perimental period, men on limited water had higher temperatures under the glove
than men on unlimited water in all cases except 0/100/0 1000 and 15/52/33 2000.
No such trend is evident in the pre-periods, a fact which tends to rule out
individual variability. The trend is particularly significant since the weather
was hotter during the test of Flight 1 than of Flight 2 (Table III. 84). In the
case of Flight 2, the weather of P II was very similar to that for EXP I. Thus,
we can compare paired means with control values. Again it is noted that skin
temperature increased in many instances, especially among the high solute reg-
imens 15/52/33 3000 and 30/0/70 1000 and 2000. Among men on unlimited water
(Flight 1) such an increase is not evident even though the weather was warmer
in EXP I than in P II (Table II. 84).

For the men doing light work these trends are not so clear cut. Comparing
values in EXP I we note that the temperature measured on skin of men on limited
water was higher than among men on unlimited in seven of nine comparisons; ex-
ceptions are 2/20/78 1000 and 30/0/70 2000. Here, however, the ambient temper-
ature was higher during the test of Flight 4 than during the test of Flight 3.
The weather of P II and EXP I was similar for P II and EXP I and when skin
temperatures are compared, all men exhibit lower values in EXP I than in P II.
The data for the light work groups do not support the data for the hard work
groups.

When a similar analysis is made for the final skin temperature under the
Sglove, we fail to find any convincing trends in relation to water, work, or

nutrient regimen (Table III. 112). The paired means exhibit much less vari-
ability from regimen to regimen presumably because the march tended to bring the
men into a more uniform condition than they were prior to the march. The effect
of weather is clearly evident for highest skin temperatures tended to appear
in P II and EXP I---the periods of hottest weather. Finally, we find that the
rise in temperature under the glove does not discriminate among work, water, or
nutrient mixture (Table I11. 113). Weather again was the major variable, for
the largest increments coincide generally with the warmest weather.

Skin Temperature of Upper Arm. Pre-period data on skin temperatures of the
upper arm are given in Table III. 114. Because the thermistor thermometer had
been calibrated for the range 900 to 110OF, we were unable to measure accurately
values that fell below 90 0 F. We found that sweating frequently caused the skin
temperature to fall below this level. In P I, when the weather was relatively
cool, most of the initial temperatures were above 900F. The average was close
to 93.0°F. In contrast, most of the final skin temperatures were below 90°F
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due to evaporation of sweat. The weather became hot in P II. No values
below 90OF were observed. The initial skin temperature averaged close to
94.7 0 F. The final skin temperatures again were lower in three cases but un-o
changed in two.

Regimen and Skin Temperature of Upper Arm: Data on initial skin tempera-
ture during the five tests are detailed in Table III. 115. The major variable
was the ambient weather. No consistent trends are evident in relation to
work, water, or nutrient combination.

The final upper arm skin temperatures are detailed in Table III. 116.
Again weather was the major determinant of the variations. Water, work, and
nutrient combination cannot be regularly correlated with any of the variations.

Ambient Temperature and Skin Temperature. These analyses have pointed to
ambient weather as the most significant factor causing the variations in skin
temperature noted in the preceding tables. A statistical study was made of
the final "glove" temperature for the FRA subjects (Figure III. 51). The
final skin temperatures of these men were significantly correlated with the
ambient D.B.T. (r - +0.91; P less than 0.001). There was no relationship be-
tween final rectal temperature and final glove temperature (Figure III. 51).
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TABLE III. 110

PRE-PERIOD DATA ON SKIN TEMPERATURES
UNDER GLOVE: FINAL, INITIAL, RISE

(OF)

0 Fli ht N M s~d. .C.V. N M . s.d. c d ,V.

Final Temperature Under Glove

1* 22 495.1 1,0 1.0 21 9.8 0.6 0.6

2* 21 95.3 0.8 0.9 20 98.8 0.3 0.3

3* 21 96.5 0.9 0.9 20 99.2 0.3 0.3

V 21 96.0 0.8 0.8 22 99.2 0.4 0.4

FRO 12 95.9 1.3 1.3 11 99.1 0.7 0.7

Initial Temperature Under Glove, * 22 92.4 1.2 1.3 ?1 Y5 05 1.0 1.0

2* 21 93.4 0.9 1.0 20 95.3 0.8 0.8

3* 21 92.8 1.0 1.0 20 94.9 1.0 1.0

V 21 93.2 1.1 1.1 22 95.5 0.7 0.7
PRO 12 94.3 1.0 1.0 11 96.0 0.6 0.6

Temperature Rise Under Glove

1 22 2.7 1.5 1555 . 21 3.4 1.1 32.3

2* 21 2.0 1.1 57.9 20 3.5 0.9 25.7

3 21 3.7 1.2 31.6 20 4.2 1.1 25.6

4** 21 2.7 1.1 40.7 22 3.7 1.0 27.0

FRA* 12 1.7 0.7 41.2 11 2.9 1.0 34.4

"t" test on P I vs. P II

*P less than 0.001

**P less than 0.005

S
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7. Volume of Glove Sweat

Elbow length gloves were worn on each arm by the marching subjects. At the
end of the march, the sweat from both arms was pooled, the volume was measured,
and the rate of sweating calculated as ml/hr. This sweat was collected for
chemical studies which will be reported in detail in Section 8 (below).

Pre-period data on volume of glove sweat are given in Table III. 117. With-
in periods the means were surprisingly uniform. There was wide individual vari-
ability, but nevertheless several subjects were found who consistently excreted V

low glove volumes (Table III. 118) and again others consistently produced high
volumes (Table III. 119). The are nrtraily
apparent. Two factors which come to mind are skin temperature and race. A-
mong the "small volume" men (Table III. 118), one/third were Negroes. The ex-
pected frequency is one quarter, but it is doubtful that this difference is
significant. It is of interest that there were no Negroes among the large
volume men (Table III. 119). The sample is small and other data do not support
an inference that Negroes sweat less than white persons. The final skin temper-
atures under the glove were also not helpful. Men with "small volumes" had,
on the average, consistently lower skin temperatures.

Mean Skin Temperature, OF

Sweat Volume P I P II EXP I REC I REC II

Small 95.5 98.9 98.2 97.3 97.0
Large 96.0 99.2 98.4 97.6 97.6

The differences, however, would not account for the contrasting volumes measured
for the two groups.

Regimen and Glove Volume of Sweat. The paired means for the volumes of
glove sweat excreted during the five marches are given in Table II. 120. No
detailed study of the volume per se has been made. Examination of the table in-
dicates that, in general, the-TglB-e' volumes decrease in EXP I just as did the
rate of total body sweating. Nutrient mixture, work, and water were less sig-
nificant than ambient weather.

Total Body Sweat Loss vs. Glove Sweat Volume. To study whether or not the
fluctuations in glove sweat did, in fact, parallel changes in rate of total
body sweating, a correlation was made between total body sweat and glove sweat
(Figure III. 50), with data from the FRA subjects. A highly significant asso-
ciation was found. All but three of the 57 points fell within ± two standard
deviations. This fact demonstrates that glove volumes varied in the same
fashion as did rate of total body sweating.

Ambient Weather and Glove Sweat Volume. Final skin temperature under the
glove varied directly with ambient D.B.T. (Figure III. 51) but not with final
rectal temperature. The glove sweat volume correlated positively and signif-
icantly with the final skin temperature under the glove and the increment of
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skin temperature under the glove (Figure III. 51). We can conclude then that
the major factor causing variations in rate of sweating from period to period
was the weather. The ambient environment directly affected the microenviron-
ment within the impermeable barrier and thus the rate at which the eccrine
glands elaborated sweat. We have already shown that similar correlations. exist for rate of total body sweating and ambient weather. The consistency of
the relations between total body sweating and glove sweating will simplify our
analysis of data on the chemical composition of the glove sweat.

TABLE III. 117

PRE-PERIOD DATA ON GLOVE SWEAT VOLUME
(ml/hr)

PI PI1
Flight "mean Range Mean Range

1 28 4-118 38 11-87
2 22 5- 41 32 4-78
3 24 5- 59 48 16-99
4 24 6- 42 36 3-65
FRA 29 3- 78 58 27-113

TABLE III. 118

MEN WITH SMALL GLOVE VOLUMES OF SWEAT*
(ml/hr)

Subjec•t Noo Color P I P II EIP I REC I REC II

13 W 4 12 12 -- --

14 N 5 11 22 10 5
17 W 8 -- 21 10 20
18 W 7 27 11 8 21

W 8 11 -- - 23
42 N 6 4 5 11 7
44 W 5 13 28 17 15
45 W 9 33 11 15 21
61 W 5 17 5 17 6
63 W 8 16 15 16 26
68 N 6 3 1 4 -
79 W 8 6 5 12 24
92 W 3 34 39 12 14
*Glove less than 10 ml/hr in P I.
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TABLE I1. 119

MEN WITH LARGE GLOVE VOLUMES OF SWEAT*
(ml/hr)

Subject No. Color P I P II EXP I REC I REC II

3 W 118 33 27 24 18
4 w 52 48 32 30 16
8 w 52 87 61 45 70

47 W 59 99 40 76 70
56 w 54 94 69 98 95
97 W 78 113 79 74 87

100 W 54 72 92 82 66
*Glove volume greater than 50 ml/hr in P I.

TABLE III. 120

GLOVE SWEAT VOLUME
(ml/hr)

Hard Work Light Work
Experimental PRE EXP REC PRE EXP REC

Regimen I II I I II I II I I II

ST 0 U 60 43 33 23 20 26 51 27 36 39
L 21 36 21 23 27 14 30 16 26 29

...0/IO0/0 U 22 5d 54 25 20 2 2 44 33 "46 52

1000 L 21 29 12 18 20 30 44 26 39 36
0/100/0 U 34 50 144 35 56 16 142 32 144 45

2000 L 41 35 24 26 34 33 43 35 39 61
2/20/76 U 5 12 17 10 5 22 52 36 72 53

1000 L 29 50 43 36 38 17 9 12 16 20
2/20/76 U 18 23 27 -- -- 46 66 31 30 36

2000 L 22 28 26 40 26 16 19 16 24 17
15/52/33 U 7 27 16 9 20 15 33 20 30 24

1000 L 20 48 47 -- -- 16 20 10 24 26
15/52/33 U 24 43 36 46 - 14 22 15 26 .. 23

2000 L 7 8 5 11 7 33 56 40 50 50
15/52/33 U 13 20 24 17 2d 2b 52 42 43 146

3000 L 8 12 20 16 16 27 44 - .- --

"30/0/70 U 36 56 50 24 40 14 52 17 23 33
1000 L 26 44 40 30 24 33 55 28 48 42

30/0/70 U 30 36 34 40 40 36 73 5W4 74 68
2000 L 33 39 30 42 40 28 42 31 61 45

FRA 29 55 54 U4 44 29 56 54 14 44
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GLOVE SWEAT VOLUME
VS. TOTAL BODY SWEAT LOSS

(FRA SUBJECTS, SUMMER 1955)
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FIGURE 111. 50. GLOVE SWEAT VOLUMNE VS.* TOTAL BODY SWEAT
LOSS: FR&, SUBJECTS.
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CORRELATES OF RATE OF SWEATING
AND SKIN TEMPERATURE

(FRA SUBJECTS, SUMMER 1955)
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FIGURE III. 51* CORRELATES OF RATE OF SWEAT-
ING AND SKIN TEPERATURE: FRA SUBJECTS.
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8. Chemical Studies of Sweat

a. Qualitative Analysis of Sweat

Glove sweat was collected from all subjects participating in all five heat
racclimatization tests. These specimens of sweat-were subjected to the follow-

wng qualitative examinations: albumin, glucose, urobilinogen, reaction,
ketone bodies.

Albumin. The specimens were tested for albumin with sulfosalicylic acid." All of the specimens were negative. A curious phenomenon, however, was ob-

served. A number of the specimens developed a red color after the sulfo-
salicylic acid had been added. This red color was also observed in some spec-
imens when exercise and post-exercise urinary specimens were similarly

* analyzed. A study was made of this phenomenon (Table 111. 121). The red color
was observed far more frequently in sweat than in urine. Ten specimens con-
tained the red color in PRE II. The red color then persisted in the specimens
of sweat collected during the remainder of the study. The red color did not
appear in the exercise and post-exercise urine until the recovery period, and
even then the frequency was lower among the urines than among the sweats. The
appearance of the red color was not restricted to the same subjects on all
occasions. When the red coloration developed in urinary specimens there was no

'correlation with the sweat collected from the same subjects. We have no idea
what chemical substance or groups of substances was responsible for this color
reaction. It is possible that the subjects' responses to exposure to heat had
something to do with the appearance of this substance in the body. During the
PRE I the weather was cool; the red color was seen in neither urine nor sweat.
In PRE II the weather became hot and continued hot for the remainder of the
study; the red color was then observed in every test.

Glucose. All specimens were negative when tested with Clinitest Tablets.

Urobilinogen. All specimens were negative.

WReaction. The pH was measured with Hydrion Papers. All of the specimens
fell within the range 4.5 to 5.5.

Ketone Bodies. The specimens of glove sweat were tested for the presence
of ketone bodies by means of the Rothera reaction. A wide variety of colors was
observed (Tables III. 122, III. 123, III. 124, and III. 125): blue, green,
yellow, pink, purple, blue-green, blue-purple, and yellow-green. Only three
specimens failed to develop any color at all. The intensity of these colors
ranged all the way from +1 to +4. This intriguing display of colors poses a
very intriguing analytical problem, for the chemical compounds which might
cause these colors are various. The purple color was undoubtedly caused by
the presence of acetoacetic acid and acetone, and the blue color by pyruvic
acid. Previous experiments with this reaction have indicated that ethyl-
acetoacetate will cause a yellow color when tested by the Rothera reaction
(Sargent and McArthur, 1953). What compounds are responsible for the green and.pink colors are unknown. Since it is doubtful that ethylacetoacetate occurs
in sweat, the compound causing the yellow color is also unknown. Finally the
cause for the mixed colors is equally enigmatic.
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The only striking trend that can be discerned in these data concerns the
presence or absence of ketone bodies. We would expect these substances to be
present only during the experimental period when some subjects were subsisting
on ketogenic metabolic mixtures, such as starvation and the high fat diets.
Inspection of Tables III. 122, III. 123, III. 12 4, and III. 125, however, dis-
closes that ketone bodies were not uniformly present in the sweat collected
from men on ketogenic regimens. This curious absence of ketone bodies in the
sweat has been scrutinized in the following manner. Two tables have been pre-
pared. In Table III. 126 we list all the subjects who exhibited +3 or +4
reactions in urine collected during the heat acclimatization test but who did
not excrete sweat which yielded a purple color when tested by the Rothera
reaction. With one exception, all those subjects were on ketogenic regimens.
The one exception was Subject 52 who was subsisting on 0/100/0 2000. In
Table III. 127 we list all the subjects whose exercise urine was strongly
positive by the Rothera reaction and whose sweat yielded a purple color when
tested by this same reaction.

Two facts stand out when these tables are compared: (1) The vast major-
ity of subjects whose sweats yielded a purple color were starving men. (2)
Men whose sweat did not contain purple color excreted a slightly larger
volume of sweat than did men whose sweat gave a purple reaction. This differ-
ence was significant by the 'tit test at the 5% level and was not influenced by
the fact that the ambient temperature at the time these men were tested was not
uniform. We see in Table III. 128 that when subjects tested at similar times
are compared, the differences in sweat volume persist. No man in Flight I
secreted sweat which tested purple. Among the men in Flights 2, 3P and 4 the
volumes of the purple-reacting sweat were 14, 4., and 4 ml per hour smaller,
respectively, than the non-purple-reacting specimens of sweat. While these
differences in rates of sweating may be significant statistically, we are of
the opinion that increasing the volume of sweat by 9 ml will not change a +3
reaction to a negative reaction. The results rather suggest that ketone bodies
are threshold substances and that only when their blood level reaches a certain
point will they appear in the secretion of the eccrine sweat glands. This
inference is supported by the fact that the vast majority of subjects secreting
purple-reacting sweat were starving. This hypothesis will be investigated
further when we have completed a quantitative study of the concentrations of
ketone bodies in sweat and serum.
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TABLE III. 121

DATA ON RED COLOR REACTION OF SWEAT AND URINE
WHEN TESTED WITH SULFOSALICYLIC ACID

Frequency * Subject Code No.
Period Sweat urine Sweat. urine*
P1 0 0
P II 10 0 13,5h,16,51,61,

63,79,80,82,83
EXP I lh 0 13,18,23,28,33,

43,48,51,63,66,
82)83284s99R 1 7 4' 28,42,43,,44,4'5, ',6.,14,23

63,79
* R 1I 19 6 1,2,11,12,l8,21, 126,2,2,47,

23,25,26,28,33, 52,60
34,35,43,441,66,
67,80,83

Exercise and post-exercise urine.

TABLE IlI. 122

ROTHERA REACTION ON SWEAT: FLIGHT 1
(0 to +4)

Experimental PRE EXP REC
Regimen I II I I II

ST 0 1B,1B,2Bt4B 2G,2G,2G,3G 2BG,3BG,,3BG hB,3BGhBG 3G,2BG,13BG

0/100/0 3B,4B 2G,93G 2BG,2BG 3BG IBG
1000

0/100/0 4B,hB 2G,2G 3BGY 3BG,3BG 2BG,2BG
2000

2/20/78 IB,3B 3G,40 lBG,2BG 4BG --
1000

2/20/78 2B,3B 3G,4G 3BG,3BG ..
2000

15/52/33 IB,lB 2G 3BG,3BG 4B,3BG 2G,2BG
1000

15/52/33 1B,4B 2G,2G 3BG,3BG 3BG
2000

15/52/33 1B,2B 2G,3G 3B,3B 2BG,3BG 2BG,2G
3000

- 30/0/70 1B,2B lG,lG Y,Y 3BG,3BG 2G,3BG
1000

30/0/70 1B,2B 2G,2G 3BG,3BG 1BG,3B 3G,2BG
2000

FRA IB,2B,2B 1G,2Gp2G 3G,3B,2BG 4B,2BG,3BG 2G,3B,IBG,

B w blue, G - green, Y yellow, BG - blue green. IBG,2BG
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TABLE 111. 123

ROTHERA REACTION ON SWEAT: FLIGHT 2

Experimental PRE (to+)EXP REC
Regimen I II I I II

ST 0 3B,3B24B24B lGl2G.,2G,,3G 3P.,3BP.,3BP,3BG 3BG,3BG,3BG 3B,3BG,3BG U
0/100/0 2B,93B 4G2B,92BG 3G.,hB 3Yj,3B

1000
0/100/0 4B 2G,93G 3B,93B 3BG.,3BG 3G.,3BG
2000

2/20/78 4B,4B lG,2G 3B,3B 3B,3BG 4G,,3BG
1000

2/20/78 2B,3B 2G,3G YG,3B lG.,3BG 2G
2000

155/2133 2BjhB 2G - 3B -

1000
15/52/33 3B,3B 4G.,4G YG 3BG--

2000
15/52/33 1B.,2B 1G,93G 3B,3B 3BG,3BG 2BG,,3B

3000
30/0/70 1Bt4B 2G,3G 2B.,2B 3BG 3B

1000
30/0/70 2B3,4B 2G,3G 3B,3B 3BG.,3BG 3G.,3BG

2000
FRA 0,1B,1B 1G,1G 2BG,3B 2BG,1BG,3BG, 1G3G,3GO

2G 2BG02BG
B - blue, G - green, Y -yellow, BG -blue green, P -purple, BP -blue
purple,, YG - yellow green.
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TABLE 1II. 124.

ROTHERA REACTION ON SWEAT: FLIGHT 3
(0 to +4~)

Experimental PRE EXP RECORegimen I .Ii I I II
ST 0 1B12B,2BAkBO 2G,,3G,93Gj, 2BP.,3BP02P 2BG.,2BG,92BG., 3B,2G,3G

4tB 3G,3G 3P,.2 Pink 1Gj,2G 2BG,92BG

0/100/0 3B,3B 3G,3G 2B33B.,3B 2BG.,3BG 2G,.2BG
1000

0/100/0 B1%4B 3G.,hG 3B.,2BG lBG.,2BG lG,92BG
2000

2/20/78 2B.,2B 2G 3B 1BG 2G
1000

2/20/78 lB 1G 1B lBG,b4B 2BG,3G
2000

15/52/33 3B.,hB 3G.,4G lBGj,3BG 3B,1BG 2BG,3BG
1000

15/52/33 3B,3B 4G,h4G 2B,3B 14B,lBG 3BGP3BG
2000

* 15/52/33 4Bj,4B lG,92G 3B,1BG 4B.9B2BG 3G,3G
3000

30/0/70 2B 2G 2P 2BG 10,
1000

30/0/70 3Bý4B 2G,92G 2B,3B 2BG,2BG 2BG,92BG
2000

FRA 1B.,2BAtB IG,2G,1G lB.,3B.,2BG 1BGp2BG,02BG 2BGj,2G,92G

B - blue, G - green, BG blue green, P - purple, BP blue purple.
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TABLE III. 125

ROTHERA REACTION ON SWEAT-. FLIGHT 4
(0 to +4)

Experimental PRE EXP REC
Regimen I II I I II

ST 0 lBIB,2B,hB 3G,30,hG,1hG 1P,3P,3BP 2BjBG,2BG 2G,2BG,2BG

0/100/0 3B,3B 2G,2G 2B,3B IBG13BG IG,3BG
1000

0/100/0 1B,hB 2G,3G 2B 2BG 2BG
2000

2/20/78 2B,IIB 4G,4G Y 4B,4BG 2BG,3BG
1000

2/20/78 3B 3G,4B 2B,2B 3B 3BG
2000

15/52/33 2B,2B 1G,4G 0,0 3B,hB 2BG,3BG
1000

155/2/33 2B,2B 2G,3G 0,2B 2B,4B 2G,3G
2000

15152/33 1B,3B 2G,2G ..
3000

30/0/70 2B,2B 3G,3G 3B,2BG IBGhB IG,2G
1000

30/0/70 2B,4B 3G,4B 3B 4BG 3G
2000

FRA IB,2B,3B IG,2G,2G IB,3B,3B 2BG,2BG,3BG 2G,2G,3G

B - blue, G - green, Y yellow, BG - blue green, P - purple, BP - blue
purple.
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TABLE liT. 126

CORRELATION BETWEEN URINARY AND SWEAT EXCRETION OF KETONE BODIES:
SUBJECTS WITH "ROTHERA--NEGATIVE" SWEAT

Nutrient Subject Urine Sweat Sweat
Regimen* Code No. Rothera Rothera Volume

ST 0 4 3BG 27
ST O 4 4 2BG 32
B-I 9 4 Y 63
B-1 10 h Y 37
B-2 II 4 3BG 31
B-2 12 3 3BG 37
C-i 13 4 1BG 12
C-I 14 3 2BG 22
ST O 26 4 3BG 26
B-I 31 4 2B 51
B-I 32 4 2B 30
B-2 34 4 3B 30
C-I 35 4 3B 29
ST 0 46 4 2BG 29
STO 48 4 2 Pink 20
A-2 52 4 2BG 41
B-I 75 4 3B 30
B-I 76 4 2BG 25
C-2 81 4 2B 17

31+T1

*A = 0/100/0; B - 30/0/70; C - 2/20/78; 1 - 1000; 2 - 2000.

TABLE III. 127

CORRELATION BETWEEN URINARY AND SWEAT EXCRETION OF KETONE BODIES:
SUBJECTS WITH "ROTHERA-POSITIVEt SWEAT

Nutrient Subject Urine Sweat Sweat
Regimen* Code No. Rothera Rothera Volume

ST O 23 4 3BP 21
ST 0 24 4 3P 18
ST 0 25 4 3BP 19
ST 0 45 4 3BP II
STO 47 4 3P 40
B-I 53 4 2P 17
ST O 54 4 2P 35
ST 0 67 b 3P 25
ST 0 69 3 IP 15
ST 0 70 4 3BP 21

Mean =22+8

*B - 30/0/70; 1 - 1000.
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TABLE III. 128

SWEAT VOLUMES FROM SUBJECTS IN TABLFS III. 126 AND
III. 127 COMPARED AT EQUAL AMBIENT TEMPERATURES

Sweat Volume (ml/hr)
Flight No Purple Color Purple Color
1 33 --
2 33 19
3 30 26
4 24 20

Grand Means* 33±11 22±8
"1t"l 2.09; P.- 5%, when "t" - 2.052

b. Morphologic Examination of Sweat

Formed elements were sought for microscopically in each specimen of
sweat, according to techniques universally used for urine. The details of
these examinations will be found in tabular form in Appendix II. There was one
important observation, a negative finding, so to speak. In no specimen of the
approximately 500 was there found a cast. Some of the clinical dermatologists
who have interested themselves in dermal reactions to heat have desscribed
Schiff-positive casts in the duct of the eccrine sweat gland (Sargent and
Slutsky, 1957). These casts have been implicated as responsible for miliaria
rubra. Our microscopic data indicate that cast-like formed elements do not
appear in the sweat of healthy young men. Whether or not these casts are ex-
creted by individuals with miliaria rubra has not been reported. The histo-
logical studies of Dobson and Lobitz (Sargent and Slutsky, 1957) suggest that
the casts probably cannot be excreted; their elimination is blocked by a keratin
plug which forms in the sweat duct pore.

An interesting and totally mysterious finding in many specimens was the
presence of orthorhombic crystals which were blue. These occurred without any
apparent consistency, unrelated to individual subject or any of the experimental
variables. The only information obtained on them during the field test was
that they were insoluble in dilute (O.1N) NaOH and NH40H but were soluble in
excess dilute NaOH. Since the crystals were always present in sweat and only
infrequently present in appropriate "glove blanks" (distilled water placed in
glove and carried by one subject during each march), we postulate that they are
either a product of the skin or of the eccrine sweat gland. These crystals
should be identifiable by the application of standard organic micromethods,
but we have not attempted as yet to do so.

In all specimens there occurred, as would be expected, cellular debris,
especially squamous epithelial cells, and a few white cells. No red cells were
ever seen. The occurrence of these formed elements was not correlated with any
of our experimental variables.
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In brief, morphologic examination of the sweat was unrewarding from the
standpoint of survival rations. However, it did raise at least one very

interesting problem for future study: the occurrence of blue crystals.

c. Quantitative Analysis of Sweat

*Introduction. By many environmental physiologists it has been argued that

the only important function of sweat is to maintain body temperature within
normal limits. In other words, primary importance has been attributed to one
physical property of sweat, its high heat of vaporization. This rather
limited approach must be rejected by the nutritional physiologist for two
general reasons, each of which is important in the present study, and either
of which would justify the involved and detailed chemical study which is re-
ported in this section. In the first place, daily nutrient losses in the

* sweat may approach or even far exceed those from either the renal or the gastro-
intestinal routes, a point which has been emphasized in the section on nutri-
ent balances (III. B). Second, there is a kind of reciprocal relationship
between renal and dermal regulations of water, electrolyte and osmotic excre-
tions such that the sweat glands might be said to compete with the kidney, or
at least to take over progressively some of the functions of the kidney as rate
of sweating increases. A clear discussion of this relationship will be found
in the Ph. D. thesis of Lichton (1954). In the present general study, the
chemistry of sweat is of utmost importance for the reason that our subjects
were sweating profusely much of the time.

Our material is voluminous, so that some of the documentation will be re-
served for the appendices. At this point, we shall present first the general
conclusions to be reached from a study of the individual cations, anions, and
unionized molecules of the sweat. Next we shall focus on the remarkably
interesting fact that in a majority of samples of sweat the total osmolarity
cannot be accounted for in terms of presently known constituents. This fact
leads to a future search for a substance, or substances, present in amounts
quantitatively equivalent to as much as 25% of the total osmotic activity of. the sweat. Finally, we shall present some of the correlations between sweat
chemistry and concomitant physiological measurements such as rate of sweating
and skin temperature.

Cations in Sweat. Sodium: In PRE I, sweat sodium averaged about 37
mEq/L (Table III. 129); individual variations were large. In PRE II, the

sweat sodium of the controls decreased very slightly; that of all four flights
increased sharply.

During the experimental period the sweat sodium concentration showed but
little change in the control groups (Table III. 130; Figures III. 52 and III.
53). However, in the four flights there was a strong tendency for the sweat
sodium concentration to diminish to values even below those of PRE I. Only in
the diet of highest NaCl content, 2/20/78 2000, was there in all subjects an
increase. No other clear correlations seem to exist with work, dietary in-
take, or water restriction.

In REC I, sweat sodium concentration generally increased above EXP. In
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REC II, in hard work flights it was variably increased or decreased, but in
light work flights it decreased in all subjects, including controls, to values
below those of PRE I.

Potassium: In PRE I, sweat potassium averaged approximately 12 mEq/L
(Table III. 129). The FRA subjects excreted in their sweat somewhat less
potassium than did the subjects on the 5-in-i ration. In general the varia-
bility of sweat potassium from period to period was much less than in the cases
of sodium (Table III. 131; Figures III. 54 and III. 55). The variability,
however, was generally greater for men on limited water than for men on un-
limited water. In contrast to the subjects on experimental regimens or 5-in-i
rations, the ones subsisting on Field Ration A showed much less alteration in
sweat potassium from week to week. Study of the data fails to reveal any con-
stant correlation with work output or nutritional regimens. Limitation of
water, however, in addition to increasing period to period variability was al-
so correlated with a higher sweat potassium. Men on limited water and O/1O0/0
1000 and 2000 hard work and light work, 2/20/78 1000 and 2000 hard work and
light work, 15/52/33 1000 and 2000 hard work, 15/52/33 2000 light work,
30/0/70 2000 hard work, and 30/0/70 1000 and 2000 light work all showed greater
sweat potassium concentration than in the pre-period. In recovery, no striking
correlations could be detected with previous regimens.

Ammonia: In the pre-period, sweat ammonia concentration was consistent
from flight to flight, and tended to increase slightly in PRE II, except in
Flight 3 and among the controls (Table III. 129C). In the experimental period,
sweat ammonia remained quite constant in the controls, but tended to increase
in all experimental groups (Table -111 132; Figures III. 56 and III. 57). In
relation to regimen, one consistent change occurred: in the diets of highest
protein percentage, sweat ammonia increased sharply in EXP I, regardless of
work load, calorie intake, or water intake. Limitation of water also had an
effect. Including both hard work and light work, there are 19 paired compari-
sons; limitation of water was associated with a greater increase in sweat
ammonia in 16 comparisons with unlimited water. The low nitrogen diets were
associated with the least rises in EXP I.

In recovery, there was a decrease among most groups, in REC I, followed
by an increase in REC II.

Hydrogen ion: As measured by our technique (pH paper) sweat pH was most
remarkably constant in all groups, in all periods (Table III. 129 and III.
133). Its maximum range was 4.5 to 5.5. It tended to decrease slightly among
all groups in EXP I and REC I. No correlations can be discerned with weather
or any factor of the regimen.

Anions in Sweat. Chloride: Generally speaking, sweat chloride followed
sweat sodium, but with somewhat smaller absolute changes (Tables III 134 and
III. 135; Figures III. 58 and III. 59). The striking features were the same
as those for sodium. In PRE II, there was a general increase. In EXP,
generally there was a substantial decrease, except in the diet of highest NaCI
intake, 2/20/78 2000. In REC I, there was an increase, and in REC II there
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was a decrease especially in the light work groups. No clear correlation
appeared between sweat chloride and the variables: nutritional intake of
chloride, rate of work, or water intake.

Lactic acid: In a physico-chemical sense, we must distinguish between.the total acidity due to lactic acid (and other organic acids) and its ionic
state. Being a weak acid) it dissociates according to the equation

Lactic Acid H+ + Lactate

Its dissociation constant is 1.38x10-4, or in other words, its pK is 3.86.
This means that at pH 3.86, in a dilute aqueous solution, half the lactic acid
would be undissociated and half dissociated. The total acid would contribute
osmotically, whether dissociated or not; only the ions would contribute to

* ionic balance. Hence, in our discussion of lactic acid we shall consider both
the total lactic acid and the lactate ions. In the pH range of our specimens
(4.5-5.5) the total lactic acid would be dissociated as follows:

pH % Dissociation pH % Dissociation

4.4 78 5.0 93
4.5 81 5.1 94 5
4.6 84 5.2 95.5
4.7 87 5.3 96.5
4.8 90 5.4 97
4.9 91.5 5.5 98

By percentage dissociation, we mean that percentage of the total lactic acid
which is present as lactate ion. We realize that sweat is not a simple dilute
aqueous solution of lactic acid, but a complex mixture. Hence, our assumptions
may not be precisely correct. However, the dissociation and activity coef-
ficients are not well worked out for any complex mixtures, and one must be
content with assumptions such as we have made.

During pre-periods, sweat lactic acid was in the range reported by other
investigators (Table III. 134B and C). In three of the four flights and
among the FRA subjects it decreased in PRE II. During the experimental period
there was a marked correlation with work load (Tables III. 136 and III. 137;
Figures 11. 60 and I1. 61). There was an average increase among the hard
work groups in 12 of 20 comparisons, and a decrease among the light work
groups in 15 of 20 comparisons. In the light work groups there was also
correlation with dehydration. Sweat lactate was lower in the L subjects in
8 of 9 comparisons. No other clear correlations existed with calorie level,

_ nutrient ratio, or intake of individual nutrients.

In recovery, the relations of EXP were still operative in REC I. However,
in REC II there was a strong tendency for sweat lactate to increase back to

' PRE I levels.

Other Nitrogenous Constituents of Sweat. Urea: In the pre-periods,
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sweat urea tended to be somewhat lower among the FRA controls than among the
flights (Table III. 138A). In PRE II, there was a small decrease among the
FRA controls and Flight 3; and a small increase in Flights 1, 2, and 4. In
the experimental period there were several correlations with regimen (Table
III. 139; Figures III. 62 and III. 63). Regimens of highest protein per-
centage led to increases in sweat urea, especially in 30/0/70 1000 and 2000.
There was also a correlation with limitation of water regardless of work load.
Among 19 comparisons between U and L, the increase in sweat urea was greater
in L in 15 cases.

In REC I there was almost invariably a decrease followed generally in
REC II by an increase back to values well above those of PRE I.

Creatinine: This compound, quantitatively speaking, is present only in
minute amounts as compared with urea. However, it may be of some importance
in elucidating some of the factors related to clearance by the sweat gland.

Pre-period data for sweat creatinine are summarized in Table III. 138B.
The mean values agree very well with those reported by Bass and Dobalian
(1953). Those investigators found that the mean concentration of bag sweat
collected from men exposed to 1201F was 0.176±0.070 mg/kOO ml. They em-
phasized that this mean value represents "•true" creatinine. Their sweat had
been analyzed by a method which employed Lloyd's reagent for adsorption and
elution of creatinine from sweat. In our analyses we employed a similar pro-
cedure; in fact it was the same procedure as that which we had used for
analysis of serum.

The pre-period data show some variation from group to group and all five
groups secreted less creatinine in PRE II than in PRE I. It will be noted
that in all groups there was a very wide individual variability in the
creatinine concentration.

Data on the sweat creatinine concentration found in the glove sweat
collected during five heat acclimatization tests are summarized in Table III.
140. In the case of the hard work subjects, there was a substantial increase
in the serum creatinine concentration for all men except those on 15/52/33
1000, 15/52/33 2000, 15/52/33 3000 L, and the FRA's. The magnitude of the in-
crease was apparently independent of limitation of water. In the following
recovery periods there was a general tendency for the sweat creatinine to
decrease. Only in the case of the FRA subjects who were controls for Flight
2 was there a substantial increase, and this occurred only in REC Is

Turning to the subjects who performed light work we find that the increase
in sweat creatinine for EXP I occurred in all but two of the regimens. The
subjects on 0/100/0 2000 U exhibited only a slight increase, and the FRA con-
trols for Flight 3 exhibited a slight decrease. As in the case of the hard
work groups, the sweat creatinine fell substantially in the recovery periods.
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Sweat Osmolarity. It is a singular fact that practically no attention
has been paid by investigators to the total osmotic activity of sweat. Only
seven observers since 1880 have published data on the direct measurement of
freezing point depression, or other measurements of the physical properties
of sweat that are correlated with osmotic activity, and only a few specimens. have been reported. By contrast, the renal physiologists have made important
generalizations on kidney function by systematic studies of osmotic clearance,
for which a voluminous literature exists. Thinking that a systematic study
of sweat osmolarity might lead to important generalizations on osmotic regula-
tion by the sweat gland, we have made a detailed study of the freezing point
"depression of sweat as related to regimen, to individual constituents of the
sweat, and to the rate of sweating.

In the pre-periods the sweat osmolarity of the controls was about 110
mOsm/L, substantially lower than that of the flights (Table III. 138C), all
of which averaged in the range 130-200 mOsm/L. The majority of the subjects
increased in PRE II, but the controls did not increase.

A general chemical property of sweat is rather wide individual variations,
and osmolarity is no exception (Table III. 141). Characteristically, some
subjects are consistently high and some consistently low. Hence, changes in
osmolarity are best discussed as deviations from the PRE I value (Figures III.
64 and 111. 65). The controls showed but minor fluctuations from week to
week; by contrast, the experimental subjects showed rather wide fluctuations.

In the experimental period, work load was not.correlated with any con-
sistent changes, but regimen was correlated with certain changes. In diets
of highest osmotic intake associated with dehydration, sweat osmolarity tended
to increase, as is seen in hard work 2/20/78 2000, 15/52/33 2000, and 30/0/70
2000, and in light work 2/20/78 1000 and 2000,A15/52/33 1000 and 2000, and
30/0/70 1000 and 2000. Unlimited water minimized these changes. In the pure
carbohydrate regimens, 0/100/0 1000 and 2000, the osmolarity tended to increase
with limited water, and to decrease with unlimited water.

In recovery, the tendency was a return to or below PRE I values. Ex-
ceptions were in previously dehydrated subjects whose EXP values had been
very high. In some of these, the values did fall but not to PRE I values.

The two regimens which were somewhat anomalous were ST 0 and N 3000. In
the former as well as the latter, changes were usually small, and the de-
hydrated subjects in EXP I behaved the opposite to the other experimental
subjects. However, in REC I and REC II, the ST 0 and N 3000 subjects reverted
tj near PRE I values, just as did all other subjects.

Sweat osmolarity as a function of individual constituents: The pre-
vious workers who have discussed sweat osmolarity (e.g., Amatruda and Welt,
1953; Van Heyningen and Weiner, 1949) have assumed that the total osmolarity

' of sweat can be accounted for altogether by sodium, chloride and urea, which
are present quantitatively in the largest aniounts. Also they have assumed
that these constituents are present in such constant proportions that one can
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calculate the osmolarity knowing the amounts of sodium, chloride and urea.

In our specimens, neither of these basically important assumptions is true, as

can be demonstrated from Tables III. 142, III. 143P iii. 144 and IIi. 145.

For most of our specimens we have quantitative direct measurements of

freezing point (a correlate of total osmolarity); sodium; potassium; ammonia
plus urea; chloride; and lactic acid. (Table III. 142A and B). The sums of

these constituents in the pre-periods do not add up to the total osmolarity
in a majority of specimens (Table III. 142C). The mean of osmolarity accounted
for by the sum of the constituents was as low as 80% in Flight 2, PRE II, and
only 94% at the highest in these pre-period specimens.

So far as the experimental periods and recovery periods are concerned,
the same trends are present. Table III. 143 shows in absolute amounts the sum

of the constituents sodium, potassium, ammonia plus urea, chloride, and lactic
acid. In Table III. 144 will be found the absolute difference between measured
total osmolarity and the sum of the constituents. Table III. 145 expresses thf
sum of the constituents as a percentage of the total measured osmolerity. In
the experimental period, the controls tended to be lower than the experimental
subjects in sum of constituents. In the low salt regimens, this sum tended to
decrease, regardless of work load or water intake. In the high salt diets
2/20/78 2000 it increased. In recovery, there were fluctuations not clearly
associated with previous regimen. In the light work groups, REC II was
generally lower than REC I, but this was not so with the hard work groups. So
far as concerned the difference between total osmolarity as measured by freez-
ing point, and the sum of constituents, no clear correlations existed between
regimen and this difference, either in experimental or recovery periods. In
general, the controls showed relatively small discrepancies, whereas the
experimental subject showed changes of substantial magnitude. For the most
part, the total measured osmolarity was greater than the sum of the constituents.
In other words, some substance or substances of considerable quantitative in-
portance had not been measured.

The percentage importance of the difference between total measured osmol-
arity and the sum of the important constituents is listed by regimen in Table
II. 145. This presentation is perhaps the clearest for scrutinizing the
data. In the experimental period, the controls changed very little. Dehy-
dration had a tendency to depress this percentage, seven of ten comparisons
in hard work, nine of nine comparisons in light work. There was a tendency for
general depression in the experimental period as compared with PRE II, 17 of
19 comparisons in hard work, but only seven of 20 comparisons in light work.
No other clear correlations with regimen are evident. In recovery (REC I or
REC II) the percentage increased to or above PRE I values in most cases.

A point of crucial importance is whether the freezing point depression of
the complex mixture, which is sweat, is truly a measure of molality. An
experiment on this point was run by Adams (1957) and reported in detail by him
in Appendix II, A "synthetic sweat" was made from sodium, potassium, ammonia,
chloride, lactic acid, and urea, to represent a very concentrated sweat. This
was diluted serially with water in the range 0.50 mMols/kg to 0.05 mMols/kg.
The molal freezing point depression was a constant throughout this range.
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Hence, the freezing point method can be trusted with concentrated or dilute
specimens of sweat to be a measure of true molality. Conclusive proof that

this is so was offered by Adams (1957) when he diluted actual specimens of

sweat from three subjects in the proportion 1:1, 1:2, and 1:4 with water.

Regardless of dilution, the molality came out to be the same.

In short, we are looking for a substance, or substances, present in a
majority of specimens, that may account for as much as 50% of the total osmol-
ality, and may be quantitatively present in larger amounts than sodium,
chloride, urea, or lactic acid. Previous workers have paid little or no atten-
tion to this substance, because they have not appreciated its importance or
recognized its presence. We are inclined at present to the view that it may
be beta hydroxybutyric acid or some related ketone. Our evidence rests on
several disparate observations: (a) all specimens of sweat react blue with
nitroprusside; (b) many specimens react pink with sulfosalicylic acid; (c) as
"will be shown in the next section below, there is a consistent ionic deficit,
in the sense that the sum of the cations exceeds the sum of the known anions
in a large proportion of specimens.

Electrolytic Balance of Sweat. In any aqueous solution containing
ionized molecules, electrolytic n',utrality is maintained; the sum of the ca-
tions is electrolytically equivalent to the sum of the anions. In sweat, by far

* the most prevalent cations are sodium, potassium, and ammonia, and the most pre-
valent anions are chloride and lactate. We have considered the question of
electrolytic balance in all of the specimens for which we have complete data.

In the pre-periods, the total cation content of the sweat of the controls
decreased slightly from 49 mEq/L, but it increased substantially in the four
flights. (Table III. 146A). The total anion concentration decreased among
the controls, but increased among the flights (Table III. 146B). Electrolytic
balance was achieved among the controls, but there was, especially in PRE II,
a real deficit of anions in the flights. This finding suggests that an anion
of some considerable quantitative importance is present in addition toO chloride and lactate. Previous workers have not suggested any ion, such as
pyruvate, which will account for this discrepancy satisfactorily.

In the experimental period, the cation concentration decreased in the
regimens of low salt content, but increased in 2/20/78 2000 (Table III. 147).
It changed but little among the controls. Similarly, the anion sum decreased
among regimens of low salt content and increased in 2/20/78 2000 (Table III.
148). Among the controls, it changed very little in those of Flight l, de-
creased among those for Flight 2, and increased for the other two sub-groups
of controls. The difference between cations and anions was somewhat different
in hard work and in light work (Table 111. 149). In hard work, there was a

- general tendency for the ionic deficit to diminish in experimental period. In
fact, the sum of the anions actually exceeded the sum of the cations in 6 of 20
experimental regimens. The contrary was true in light work, where the dis-
crepancy became more pronounced in many cases, and cations always exceeded
"anions. No correlations could be detected with water intake, calories, or
nutrient ratios.

WADC TR 53-484, Part 3 317



In recovery, sweat cations tended to increase among light work groups,
decreasing once more in REC II; the hard work groups showed no such tendency.
A similar relationship between hard work and light work held in the case of
anions, without regard to previous regimen. Ionic balance was very closely
approximated in most hard work groups in REC I, with a tendency to consider-
able imbalance in REC II. Among the light work groups, such a tendency was
not clear. The controls approximated balance closely.

In summary, we cannot in many of our specimens account for electrolytic
balance in terms of those cations and anions which are known to be quantita-
tively most important in sweat. In a majority of cases, the imbalance is in
the direction of more cations than anions. We should look, therefore, for
some organic anion which has not received much attention in the previous
literature on the chemistry of sweat.

Sweat Chemistry as Function of Rate of Sweating. Scatter-diagrams have
been prepared of the relationship between rate of sweating (in the gloves)
and the concentration of the several organic and inorganic constituents
measured. We shall consider our observations and then briefly indicate the
supporting or conflicting observations reported in the literature. In the
majority of the several figures only data for PRE II and REC II have been
used. In these periods the weather was equally warm. PRE I has been omitted
because the weather was cool; EXP I, because of the possible influence of diet
on sweat chemistry; and REC I, because it was a period of rapid metabolic read-
justment.

Total Osmolarity: Sweat osmolarity decreased exponentially as the rate of
sweating increased (Figures III. 66 and III. 68). Subject No. 97 was con-
sistently aberrant but it is evident (Figure ITT. 66) that his sweat osmolarity
is also exponentially related to rate of sweating. In the case of the FRA sub-
jects (No. 97 omitted), the coefficient of correlation was -0.53. A similar
correlation for EXP subjects was not calculated, and the relation between
osmolarity and sweat rate was not explored further by additional curve-fitting
procedures.

Potassium: The concentration of potassium in sweat declined as the rate
of sweating increased. For the FRA subjects the decrease was linear (Figure
III, 66). All but three points fall outside the one standard deviation zone.
The two high points presumably represent the curvilinear relation which exists
between potassium and rate of sweating when more data become available for low
rates of sweating. Note that for the EXP subjects (Figure 1IT. 68) when the
sweat rate was less than 30 ml/hr, the potassium concentration rose rapidly.
Assuming a linear relation for potassium in the case of the FRA subjects, the
correlation coefficient was -0.87. Assuming an exponential relation for the
EXP subjects, the coefficient was -0.73. Study of the later data suggest that
probably a quadratic curvilinear regression line would fit the data better.
More curve fitting was not undertaken since the basic intent of these studies
was only to make a preliminary examination of the relation between solute con-
centration and rate of sweating.
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In contrast to his behavior with respect to total osmolarity, Subject 97
did not deviate from the group in so far as potassium was concerned.

Sodium and chloride: The concentrations of these electrolytes bear no
significant relationship to the rate of sweating (Figures II. 66 and III.
68). Subject 97 is again deviant and exhibits significantly elevated sweat.sodium and chloride at high rates of sweating. Although the mean values for
sodium and chloride differ for the two groups of subjects within each group
the concentration of sodium is approximately equal to the concentration of
chloride.

Urea and ammonia nitrogen: The concentrations of these nitrogenous com-
pounds decreased with increased rates of sweating (Figures III. 67 and III.
69). For the FRA subjects, the decrease in urea nitrogen was linear. The
correlation coefficient was -0.59. Since the ammonia was calculated as a

- constant percentage of the urea nitrogen, we have not calculated a correlation
coefficient. It is evident that a coefficient of similar order of magnitude
is probably present. Note that Subject 97 was not deviant from the group with
respect to urea or ammonia nitrogen.

In the case of the EXP subjects, the decrease of urea and ammonia nitrogen
with increase in rate of sweating was exponential. Assuming a logarithmic re-elation, the coefficient of correlation was -0.63. A quadratic regression
again would probably have yielded a more satisfactory fit.

Creatinine: No correlation exists between the concentration of creati-
nine in sweat and the rate of sweating (Figure III. 67 and III. 69).

,Lactate: There is a suggestion of an exponential decrease in lactate with
increa rates of sweating (Figures III. 67 and III. 69). Because of the
high degree of scatter we do not feel that a significant correlation exists.
We have not calculated such a coefficient. Subject 97, both for creatinine
and lactate, is not significantly aberrant.

Sweat Chemistry as Function of Nutrient Intake. It has been stated that
the chemical composition of sweat will reflect marked deviations in nutrient
intake (Robinson and Robinson, 1954). With this idea as a working hypothesis,
we examined our data for such an influence in the case of sodium, potassium,
and nitrogen.

Sodium and potassium: No consistent effect of sodium and potassium in-
take was demonstrable. Sweat from men who had been on salt free diet
(0/100/0) for four to five days was compared with sweat from men who had
been on relatively high sodium or potassium diets. No significant differ-

S. ences were demonstrable.

Urea nitrogen: A clear influence was revealed for sweat urea nitrogen.
Men who had been on nitrogen free diets (0/100/0) were compared with men on
high nitrogen diets (30/0/70). In PRE II, there was no differences in the
chemistry of the sweat of these two groups (Figure III. 70). We did not
calculate a correlation coefficient for the sweat-serum relation since sweat
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was collected in the afternoon and blood in the morning. The absolute level
of the serum urea nitrogen was therefore not known for the period of the
march. Note once again the high negative correlation (4 - -0.66, pco.Ol)
between sweat urea nitrogen and rate of sweating.

In EXP I, after the men had been on fixed intakes of either 0/100/0 or

30/0/70 for four or five days the sweat from the latter group contained
significantly more urea nitrogen than that from the former (Figure III. 70).
The x, y coordinates were 32.50 ml/hr and 27.12 mg/lO0 ml for men on 30/0/70.
The standard deviation of the 0/100/0 curve was 4.28; for the 30/0/70 curve,
3.34. The two means, 20.31 and 27.12, were significantly different (t -
4,65, P<0.001). It is of interest to note that the men on 0/100/0 exhibited
no drop in sweat urea nitrogen from PRE II. The men on 30/0/70, however,
secreted sweat with much increased values of urea nitrogen. Presumably the
nutrient effect was due particularly to the elevated serum urea nitrogen
(Figure Ill. 70).

The effect of diet did not obscure the relation between urea nitrogen
concentration and rate of sweating. For the men on 0/100/0 the correlation
was -0.67 (P<0.01); for the men on 30/0/70, -0.73 (P<O.01). The slopes for the
two regression lines were identical: -0.2588 and -0.2561, respectively,

A Generalizing Hypothesis Relating Sweat Chemistry and Rate of Sweating.
Almost everyone who has ever worked systematically on the chemistry of sweat
has tried to evolve a generalizing hypothesis to explain several puzzling
phenomena. They include:

a) Sweat is rarely if ever hypertonic with respect to sodium, chloride,
or urea.

b) Nevertheless, some substances are often present in sweat in much higher
concentrations than in plasma, e.g., potassium, lactic acid.

c) Some substances that are present in plasma do not appear at all in
sweat, e.g., inorganic phosphate.

d) With increased rate of sweating, some substances become more con-
centrated (e.g., sodium, chloride), and others more dilute (e.g., potassium,
urea).

e) Sodium and chloride are present in equal concentrations.

Our own investigations have added to the above list two more puzzling
phenomena:

f) total osmolarity declines with increased rate of sweating.

g) An as yet unindentified substance or substances are quantitatively
important at low rates of sweating; but apparently disappears from the sweat
at high rates of sweating.
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Most workers in this field have accepted the fluctuations in concentra-
tion with rate of sweating as evidence of an active process in which the
individual sweat gland produces a fluid which varies in concentration differ-
ently with different substances. Active or passive reabsorption of water and
active secretion of solutes are usually necessary postulates. At this time we
should like to propose a new hypothesis, which so far as curve fitting is con-
cerned, is in concord with all the phenomena which appear to need explaining.

The new hypothesis is that the sweat glands produce two kinds of sweat.
The composition of each is constant, but the relative rates of production of
"each are quite different. "Sweat A" is postulated to be like intracellular
fluid, with low sodium and chloride, high potassium, nitrogenous components,
and total osmolarity. "Sweat B" is postulated to be like extracellular fluid,
with relatively high sodium and chloride, low or absent potassium, and nitro-
genous constituents; and relatively low osmolarity. "Sweat A" is postulated
to be predominant in rate of production at low sweat rates, and to increase

4 slowly and linearly with increased total sweating. "Sweat B" is postulated to
be absent at low rates of sweating, but to increase linearly in rate there-
after much more rapidly than "Sweat A". Finally, "Sweat A" is postulated to
contain a high concentration of our unknown osmol, "Sweat B" none.

If we accept the above postulates, then for any given rate of total sweat-
ing, the concentration of any given solute in the total sweat will depend upon
its concentration in "Sweat A" and in "Sweat B" and on the relative contribu-
tion made by each to the total sweat volume. Expressed in equation form:

Concentration of Solute in Total Sweat - (Concentration in
"Sweat A" x Fraction of Total Sweat Contributed by "Sweat A"') +
(Concentration in "Sweat B" x Fraction of Total Sweat Contributed
by "Sweat B" ).

This equation has been explored with results illustrated in Figure III.
71. For this presentation "Sweat A" is assumed to have a total osmolarity of
250 m0sm/L, contributed by Na 25, K 25, NH3 15, Cl 35, Lactic Acid 35, Urea 30,
"unknown osmol" 95. "Sweat B" is assumed ?o have a total osmolarity of 120
mOsm/L, contributed by Na 50, K 0, NH3 5, Cl 50, Lactic Acid 5, Urea 10 and
"unknown osmol" 0. "Sweat A" is assumed to be the only sweat at 10 ml/hr or
lower total volume, and to increase linearly to 20 at total volume 100 ml/hr.
"Sweat B" is assumed to be absent up to total rates of 10 ml/hr, and to in-
crease linearly thereafter to 80 at a total rate of 100 ml/hr. The conse-
quences of these assumptions are:

a) Total sweat cannot become hypertonic with respect to sodium,
4. chloride, or urea.

b) Some substances, e.g., lactic acid may be hypertonic by a
process of active secretion.

c) Some substances, e.g., inorganic phosphate, do not appear at
all in sweat by some unknown process.
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d) With increased rate of sweating, sodium and chloride concentra-
tions will increase, provided they are more concentrated in
"Sweat B" than in "Sweat A". They could actually remain con-
stant (as in our own present experiments) if the two sweats had
equal concentration. Other substances, like potassium, urea,
and ammonia will decrease with increased rate of sweating,

e) Total osmolarity will decrease witb increased rate of sweat-
ing, provided "Sweat B" is more dilute than "Sweat A".

f) The "unknown osmol" will become of less and less significance
in the total osmolarity with increased rates of sweating, be-
cause "Sweat B", which does not contain it, acts as a diluent
of "Sweat A".

Reference back to our own data (Figures III. 66, III. 67, III. 68, and
III. 69) will show that the present hypothesis produces curves which are
quantitatively as well as qualitatively similar to the actual observed data.
In particular, we draw attention to the shapes of the curves, such as that for
potassium and urea there is a rapid increase at low rates of sweating, but at
rates above 20 ml/hour, one could almost postulate a straight line. Our hypoth-
esis demands this kind of curve, which is actually quadratic. Adumbrations
of our hypothesis are to be found in the classic literature on sweat (Kuno, 0
1956). It is well established that some sweat glands, especially those of
the palm of the hand and foot sweat at rates and with chemistry different
from those of the general body. The former do not sweat profusely with
exercise, whereas the latter do. If we extend this concept of Kuno to include
the total body, we might expect to find a mixture of the two kinds of glands
throughout the skin, but in various proportions.

Adams (1957) has made a special study of this whole problem, and his re-
sults are incorporated in full in Appendix II.
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TABLE III. 129

PRE-PERIOD DATA ON CATIONS IN SWEAT: SODIUM, POTASSIUM,
AMMONIA, HYDROGEN ION

P I PII
Flight N Mean Range N Mean Range

A. Sodium, mEq/L
1 21 35 15-55 21 50 19-81
2 21 36 15-77 20 52 20-92
3 21 43 26-69 20 54 39-76
4 21 36 23-82 21 45 20-90
FRA 11 31 16-59 11 28 17-148

B. Potassium, mEq/L
"1 21 11 4-2 21 10 6-22
2 21 13 7-19 20 14 6-26
3 21 12 4-26 20 11 7-19
4 21 12 7-19 21 14 7-29
FRA 11 9 5-11 11 8 6-12

C. Ammonia, mEq/LS 1 21 7.6 3.3-11.9 21 9.0 4.4-13.3
2 22 8.8 5.9-13.2 20 10.7 6.6-16.7
3 19 8.4 4.3-13.2 20 7.2 5.0-11.1
4 20 9.4 5.6-13.7 21 10.3 6.0-16.7
FRA 10 7.5 h.7- 9.4 10 7.2 5.7- 9.9

D. Hydrogen Ion, pH
1 22 5.05 4.5-5.5 21 5.0 4.5-5.5
2 19 5.0 4.5-5.5 20 5.0 4.5-5.5
3 21 5.0 4.5-5.5 20 5.0 4.5-5.0
4 21 5.0 4.5-5.5 22 5.0 4.5-5.0S MA 12 5.1 5.0-5.5 11 5.0 5.O-5.0
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TABLE III. 134

PRE-PERIOD DATA ON ANIONS IN SWEAT: CHLORIDE,
TOTAL LACTIC ACID, LACTATE ION
PI PII

Flight N Mean Range N Mean Hange

A. Chloride, mEq/L
1 21 31 15-54 21 42 19:-56
2 21 32 14-73 20 43 16-884
3 21 35 22-54 20 46 31-66
4 21 31 13-66 21 39 16-74
FRA 11 25 14-66 11 28 13-45

B. Total Lactic Acid, mEq/L
1 22 22.3 6.0-33.3 21 22.0 8.7-33.9
2 21 19.0 5.2-33.9 19 12.0 5.0-33.9
3 21 22.7 9.4-33.5 20 19.4 6.7-33.9
4 21 21.8 14.6-30.9 20 25.3 16.7-33.9
FRA 11 20.8 8.1-31.2 11 14.2 9.1-25.6

C. Lactate Ion, mEq/L
1 22 20.1 5.4-30.0 21 19.8 7.8-30.5
2 21 17.1 4.7-30.5 19 10.8 4.5-30.5
3 21 20.4 8.5-30.2 20 17.5 6.0-30.5
4 21 19.6 13.1-27.8 20 22.8 15.0-30.5
FRA 11 18.7 7.3-28.1 11 12.8 8.2-23.0
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TABLE IIl. 138

PRE-PERIOD DATA ON UREA AND CREATININE IN SWEAT,
AND TOTAL OSMOLARITY

P I PII
Flight N Mean Range N Mean Range

A. Urea, mMol/L
1 21 15.2 6.6-23.9 21 18.0 8.8-26.6
2 22 17.6 11.8-26.4 20 21.4 13.2-33.h
3 19 16.8 8.6-26.4 20 14 .4 10.0-22.2
4 20 18.8 11.2-27.4 21 20.6 12.0-33.4
FRA 10 15.0 9.4-18.8 10 14.4 11.4-19.8

B. Creatinine, mg/100 ml
1 21 0,3d 0.I1-0.7d 21 0.25 0.07-0.60
2 21 0.33 0.20-0.59 20 0.28 0.06-0.80
3 21 0.29 0.12-0.61 20 0.18 0.03-0.38
4 21 0.26 0.1o-0.59 21 0.23 0.04-0.76
FRA 11 0.30 0.110-.054 11 0.13 0.00-0.40

C. Total Osmolarity, mOsm/L
1 21 131 51-267 21 173 85-263
2 22 155 87-223 20 198 96-293
3 21 166 98-304 20 165 125-272
4 21 142 86-264 20 179 125-374
FRA 10 116 86-166 11 105 77-138
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TABLE III. 142

PRE-PERIOD DATA ON SWEAT OSMOLARITY
AS A FUNCTION OF INDIVIDUAL CONSTITUENTS

F I P II
Flight N Mean Range N Mean Range

A. Total Osmolarity by Freezing Point, mOsm/L
1 22 135 51-267 21 173 85-263
2 21 155 87-223 20 198 96-293
3 21 166 98-304 20 165 125-282
4 21 141 86-264 22 188 131-374
FRA 12 122 86-166 11 105 77-138

B. Sum of Na, K, NH3, Cl, Lactic Acid, Urea, mOsm/L
1 21 120 55-11 21 150 72-221
2 20 127 77-214 79 152 80-252
3 19 135 90-198 20 149 112-218
h 20 127 82-229 18 147 107-214
FRA 10 112 83-167 10 103 64-141

C. Fraction of Total Osmolarity
Accounted For By Sum of Constituents, %

1 21 9h 65-147 1 " 89 66-103
2 20 85 53-100 19 80 62- 99
3 19 88 62-105 20 92 78-106
4 20 93 67-111 19 90 79- 98
FRA 10 92 68-104 10 94 79-101
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TABLE III. 146

PRE-PERIOD DATA ON IONIC BALANCE IN SWEAT:
SUM OF CATIONS, SUM OF ANIONS, AND DIFFERENCE

PI PII
Flight N Mean Range N Mean Range

A. Sum of Cations (Na, K, NH3 ), m Eq/L

1 21 53 24-03 21 70 33-109
2 20 58 32-91 19 76 35-113
3 19 63 47-92 20 71 59-102
4 20 57 40-111 18 66 51-102
FRA 10 49 37-78 10 45 30-61

B. Sum of Anions (Chloride, Lactate) m Eq/L
1 21 52 25-74 21 62 30-85
2 20 51 33-97 19 55 32-106
3 19 56 34-80 20 64 43-94
4 20 52 31-91 18 61 44-85
FRA 10 48 37-70 10 43 23-60

C. Difference (Cation-Anions)
1 21 +1 -9 to +10 21 +8 -13 to +30
2 20 +7 -6 to +29 19 +21 + 7 to +40
3 19 +7 -12 to +26 20 +7 - 3 to +21
4 20 +5 -9 to +20 18 +6 - 2 to +17
FRA 10 +1 -11 to +10 10 +2 -11 to +25
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SWEAT SODIUM (Hard Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

+30-

_1 +20-
+0 -

!.•l +1 0-

w-10

< N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000
ql CODE

+30-
2_; Waer,

+0 I Woter L- I(-) +20- 1 'p "%\ P/%CHO/%F

0 +10- Cal intakeA, STO = negative
S Ocontrol

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 52. SWEAT SODIUM: HARD WORK.

SWEAT SODIUM (Light Work, Summer 1955)

ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

+30- I\

3+20 /--*

E o- -

LU -1- 
NA

0d
N 3000 0/100/0 2000 2/j/7 Coo 15/52/33 2000 30/0/70 2000 SCODE

+30 1111 1 I A Waler UO-

2 -It % Water L -- I-S+20- i - wo, ..
n %P/%CHO/%F

0 +10 Ca intake

ST. = negotive
A % control

3: 1011 _44 W4 LQ

w'•~k 0-V \z,',•_ ... to

Cf) QExpRIEC Ct. a, EC0 EXP REC 0.EXP REC Q..EXPR I t.ý EXPI PEGWWWIWJ _:.,. ,:. _ _ WWWJJJ
TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 53. SWEAT SODIUM: LIGHT WORK
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SWEAT POTASSIUM (Hard Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/53 1000 30/0/70 1000 CONTROLS

+10-

S+5-

,--: - 5-

T_" -Io-

+ N 3000 0/100/0 2000 2/20/78 2000 35/33 2000 30/0/70 2000 CODE

(+lO f ,, / \

o-, -0 oa intake

O-- 29$ ST 0 = negative

• -5 control

t-I0 - 4tJ tQ .J

0. EXP REC k. EXP REC 'QI EXPIREC I EXP RC IJ EP I EC I EXfJI.RC

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 54. SWEAT POTASSIUM: HARD WORK.

SWEAT POTASSIUM (Light Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

1-J

S IN

C- +5 -- I

I~j

N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000S~CODE

5 Water U O--

,r) %P/%CHO/%F

0 " Cal, intake

D ST.0 =negative
5-5 control

Ij 10- U4

E 0 LA REC I.EA'PIRECI I.EXPIRECI 0. IEC~kEXPIREC 0 A PC0EXP REC

TIME AFTER PRE-PERIOD I (Weeks and Periods)0
FIGURE III. 55. SWEAT POTASSIUM: LIGHT WORK.
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SWEAT AMMONIA (Hard Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

+15-

-+ 10-

LU +5- -.

Eý_ 0-'- I ~ -

N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000S~CODE
+15--•

"0-.o Water U

z I o-- -- Water L

0 N \ %P/%CHO/%F

- 5-
c6ontrol

LW LI4Qj L04  U
O~ExpIFEC It EXl EC CtExp I EC It Exp FEC Exl ER FC I. EAR EC

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 56. SWEAT AMMONIA: HARD WORK.

SWEAT AMMONIA (Light Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

+15-

+10-

LJ +5l-w ,>&~
Er

0-WI -5--

< N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000 CODE

41+15-
o- 0 Water IJ

+ 0- ,--- Water L

o
0 +5- - / , %P/%CHO/%F

f ,* /Caloric Intake

'~t 0 .. ST 0 - egati~e

Scontrol

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 57. SWEAT AMMONIA: LIGHT WORK,
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SWEAT CHLORIDE (Hard Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

+30-

, +20
0-

__ 0 v " _ _ _

fr -10-

N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000
"-0 - W ater U

0+20-,, % A "'
I II IS-[-"1"1O- • \"1'Col. intake

O-) W ' ST 0 - negative"- 0* control

LU• -I0-LJ 4

) RZI IEXPIRECIEXPIREC

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 58. SWEAT CHLORIDE: HARD WORK.

SWEAT CHLORIDE (Light Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

-'+30-
_J

LU
E-10-

'"N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000

+30- /N ' Water Ur +12 0 _ 11 ,1 W ater L . . .

1 %P/%GHO/%IF

"+20- Col. intake

Q) ST 0 = negative0-A1 e control

%V

-,L -10-, ,,., -, l" vQ L''
ý IEX ]EC CIEXPIREC QEXPREd 4.EXPREC9,,EC

Uf) k P IE I Q I RCEiIRC' X I- N N - N +I -1 N Nl~ +I -I I I I NI -I N+I I+ + N

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 59. SWEAT CHLORIDE: LIGHT WORK.
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SWEAT LACTIC ACID (Hard Work, Summer 1955)
+30- ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

+23-

E +20-
LU

- 20- ___

+30_"N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000 CODE

< +20- o-o Woater 1
0 a \ -- Woter L

I%P/%CHO/%F
< 0- - / Caloric Intoke

1- I - ST o negative

control

I [API REC QIEXPIREC RIEXPIREC I EXPIREC •. EXPI REC I XP IJREVCU) Il•I ;- eI I, ;•,•• • •- e lJ JI-I• h J f•I -IfIIe•; - cI; I- I -I,,• e •

TIME AFTER PRE-PERIOD [ (Weeks and Periods)

FIGURE II. 60. SWEAT LACTIC ACID: HARD WORK.

SWEAT LACTIC ACID (Light Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

-J +20-
Cr
LU + 10
E
-~ -O-N. ~\ ALU0 0Ile

a 20-

IN 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000

0+20--
< -. O- Woter L

0+10- A --. Wotre L

%P/%CHO/% F

< 0 / ! Caloric Intake

- .- ST 0O= negotive

LU<-20 Vcontrol
QEXP I EC I f~ ICXIPC I. EXPf PEGC I. f 0. I A' RE P~EC 0I Exp IE

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 61. SWEAT LACTIC ACID: LIGHT WORK.

WADC TR 53-h84, Part 3 348



SWEAT UREA (Hard Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

+15_

_+10-E A,

L+j 5-
~n•

01 N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70

ýS+I15 1\2000 CODE

< 
C5o-0 Water U

L• + 0 
- Water L12- i1PI %,CoHO,%F

< - • \ /oo ,Io~

STO T negative

control3:-5-

jIEXPIREC LAXPIREC-EXPIREC? RIEXPIREC! 1EXPREC 1EXPIRECI

TIME AFTER PRE-PERIODI (Weeks and Periods)

FIGURE III. 62. SWEAT UREA: HARD WORK.

SWEAT UREA (Light Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

+15-

Wý -5-
nI'

'. I,E 0-I

,V 'V I

10-
< N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000 CODE

+15- I

S(>----aori Iataer,, , _!
0• - V,_ /i\ ,_ oo,,,~

LtJ+- 5- V

CA: I -oXPI RE ý X •CkIEX I I EPI R EIXP IR-E"C CýIffI E3:1 ýr iV- . .~J.. v•• < ; I •,

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 63. SWEAT UREA: LIGHT WORK.
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SWEAT OSMOLARITY (Hard Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/52/33 1000 30/0/70 1000 CONTROLS

-±+150-

UE +100-
0

.- 50-

N- 10 300 0/0/C002/07O00D5E/3 20 3//0 20

If"oo ,,,S water L .....
/I P %P/%CHO/%F P

0 +501' A Col inak
2 ý- ST 0 z, s ne.gative i

'zV Q_ -11` ý control

t5J-50- •L _AJ L
LU I. EXP IREC R: EXP IPEG Q: A E .I EXPI REC :I X I EXPIPE .EXP IRQIEoIRE-C

i-'d MII ` -1~~~~hhm

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 64. SWEAT OSMOLARITY: HARD WORK.

SWEAT OSMOLARITY (Light Work, Summer 1955)
ST 0 0/100/0 1000 2/20/78 1000 15/5f/33 1000 30/0/70 1000 CONTROLS•+150o-

E+.oo ,+1 -

£L-50-

•_ N 3000 0/100/0 2000 2/20/78 2000 15/52/33 2000 30/0/70 2000 CD

I +150- CODE
Woter U o-o

+100-Woter L *----*
+Iu * %P/%CHO/%F

0 +50- Col. intake
0+50 . -" • I ST 0z negativeU O) control
0 0-1_ý
t - 50- LL L• • tuQ-5 P IXECPEEXPI IP I . EXPREC I EXP IREC

UD IPRE0IAPR7II 01 .  E

TIME AFTER PRE-PERIOD I (Weeks and Periods)

FIGURE III. 65. SWEAT OSMOLARITY: LIGHT WORK.
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GLOVE SWEAT CHEMISTRY (1) AS FUNCTION
OF RATE OF SWEATING:

FRA SUBJECTS, ALL PERIODS
@ Subject No. 97 * Others

-TOTAL OSMOLARITY * . POTASSIUM
(mOsm/L) (x//10) (mEq/L)

150-.

V~~~~~ 7 00-~ :;:~ ~j

-U- 50 . •z

S7 0
Z O J ' l l ' ' 1 ' 1 ' 1 1 1 '

C) SODIUM CHLORIDE
(mEq/L) (mEq/L)

0 60-

Z 40-. - "---:%

20- .' ... : .. .

0 20 40 60 80 100 0 20 40 60 80 100

RATE OF SWEATING (ml/hr)

FIGURE III. 66. GLOVE SWEAT CH*ISTRY (I) AS A

FUNCTION OF RATE OF SWEATING: FRA SUBJECTS, ALL

PERIODS.
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GLOVE SWEAT CHEMISTRY (H) AS FUNCTION
OF RATE OF SWEATING;

FRA SUBJECTS, ALL PERIODS
k Subject No. 97 * OtherA

UREA NITROGEN AMMONIA NITROGEN
(mM/L) (x2/5) (mEq/L)

30-

Z20- ,

1* 0

C-)
Z 0-
0' I 1 1' ''I I I I
C. * CREATININE LACTIC ACID

(x 1/50) * (mEq/L)
LL (rag/lOOml)

0 30- /

10- X
0, 1• •i 1 ' "

*-- . ..

20- 20 40 60._ 801002•4080

D
F E .6 .G . .. .

10o1 * ®®• •• ** *

0 20 40 60 80 100 0 20 40 60 80 O00

RATE OF SWEATING (ml/hr)

FIGURE IIIo 67.* GLOVE SWEAT CHEMISTRY (II) AS A

FUNCTION OF RATE OF SWEATING: FRA SUBJECTS, ALL
PERIODS.

WADC TR 53-484, Part 3 352



GLOVE SWEAT CHEMISTRY (I) AS FUNCTION
OF RATE OF SWEATING:

EXP SUBJECTS, PRE HI & REC ]I
-TOTAL OSMOLARITY POTASSIUM

350- (mOsm/L ) (x///O) (mEq/L)

300 *

250

S200__..•: . "*.,,

IJ 50

14u

0Lii SOIU CHO)D
z -

0

60

(.1 100-

Z 80

0- 1 1 1
O 20 40 60 80 100 0 20 40 60 80 100

RATE OF SWEATING (ml/hr)

FIGURE 111. 68. GLOVE SWEAT CHEMISTRY (1) AS A
FUNCTION OF RATE OF SWEATING: E "P SUBJECTS, PRE
II AND REC II,
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GLOVE SWEAT CHEMISTRY (0) AS FUNCTION
OF RATE OF SWEATING:

EXP SUBJECTS, PRE 11 8• REC 1T

UREA NITROGEN •L"
tmM/IL)

300.
:: io

zp0 2 0 ;. 0 % o

- 10 - •0..

LdI AMMONIA NITROGENO. (x2/5) (,nq/L) I

0 0

. CREATININE LACTIC ACID
U_, (x//5o) *, 1 (mEq/L)

LL *(mg/Iooml) *
0 30- .o

I0 - 1 .6. GV SE C IST
* e....-.- • . • .

0 - ' I .' I ' 1 I ' ' ' ' ' I

0 20 40 60 80 I00 0 20 40 60 80 I00

RATE OF SWEATING (mI/hr)

FIGURE III. 69. GOI)VE SWEAT CHEMISTRY (II) AS

A FUNCTION OF RATE OF SWEATING: EXP SUBJECTS,
PRE II AND REC II,
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SWEAT UREA NITROGEN AS FUNCTION OF
DIETARY NITROGEN

* Nitrogen-free diet in EXP

V High nitrogen diet in EXP

PRE II v

0 5
_I20 ,I v

'i I• ,V V9

z I EXP I

Lli * -I
0 60 280 30 10 20 40

n- SERUM UREA NITROGEN (mg/TOG ml)

•~I--
Z)

00-

a 168 (b .- 2583).r 3
Io - V "* V "

0 20 40 60 80 100 0 20 40 60 80 100

RATE OF SWEATING (ml/hr)

FIGURE 111* 70..SWEAT UREA NITROGEN AS A
FUNCTION OF DIETARY NITR,-,GEN.
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HYPOTHESIS RELATING SWEAT CHEMISTRY WITH SWEAT RATE
"SWEAT A" "SWEAT B"

No 25 K 25 NH 3 15 Osmolority 250 No 50 K 0 NH3 5 Osmolority 120

CI 25 LA 35 Urea 30 X95 CI 50 L-A5 UreCl0 X0

100- SWEAT RATE 50- SODIUM; CHLORIDE 25- POTASSIUM
(rn//hour) (nE-q/L) (nE-q/L)

80- rU Wr 45- 20-

60- 40- 15-
"SWEAT BS

40 35- 0-
"*SWEAT A'"

20- 30- 5 a

I I II I I I I '1 I

20 40 60 80 100 20 40 60 80 100 20 40 60- 80 100

30- UREA, NH3 260- OSMOLARITY 100- " CONSTITUENTS VS,
(maM/L) 240- (mOs/mr/L) OSMOLARITY (%)

25-22 90 p

20- 200- 80

15 180- 70

10. AMMONIA 160- 60-
140 I I I I I I I

20 40 60 80 100 20 40 60 80 100 20 40 60 80 100

TOTAL SWEAT RATE (Glove, ml/hour)

FIGURE II. 71. HYPOTHESIS RELATING SWEAT CHEMIS-
TRY TO SWEAT RATE.

9. Clinical Reactions to Heat and Exercise

a. Subjects Incapacitated during March and Occurrence of
Heat Flush and Irregular Pulse

PRE I. Uneventful; all subjects completed the four-mile march.

PRE II. Subject 8: This young white male gave up after seven laps of
the 3.75:7ile march of 2 July. On this day the dry-bulb temperature was
9h.8°F, the wet-bulb, 78.3 0 F, and the wind velocity, 224 ft/min. The reason
for his incapacitation was not evident. Reference to Table III. 150 indicates
that the march had not unduly strained the heart or thermo-regulatory
mechanism. It is of some interest to note that on the following day a heat
rash (miliaria rubra) developed on the genitalia, which persisted for about
48 hours. Since the subject later developed an anxiety hyperventilation
tetany, it may very well be that he was malingering. 4.

EXP I. Subject h: The young white male collapsed at the end of the tenth
lap o1-•-e 3.75-mle arch on 10 July. During the march the dry-bulb tempera-
ture averaged 96.O°F, wet-bulb temperature 79.9 0 F, and the wind velocity
201 ft/min. Examination revealed a pulse rate of 144 and a rectal temperature
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of 102.OF (Table III. 150). With bed rest the pulse rate and rectal tempera-
ture rapidly returned to normal: 11 minutes after ending the march the pulse
rate was 80 and 21 minutes afterwards the oral temperature was 98.8 0 F.

TABLE III. 150

SUBJECTS FAILING TO COMPLETE HEAT ACCLIMATIZATION TEST
Subject Nutrient Laps Pulse Rectal Temp. (OF)
Code No. Regimen Completed Initial Final Initial Final

6 5-in-i (P II) 7 76 90 99.5 100.2
4 ST 0 U 10 70 144 100.0 102.0

31 30/0/70 l5 68 180 99.5 101.5*
1000 L

33 30/0/70 6 64 148 98.5 100.5
2000 L

"34 30/0/70 10 72 168 98.8 100.9
2000 L

36 * 5-in-I (R I) U 64 144 99.7 100.9
2 FRA (R II) 14 76 96 99.5 100.0

*Near collapse; oral temperature subsequently rose to 103.6 0 F.

**Recovering from suspected infectious mononucleosis.

Subject 31: This young white male just managed to complete the 3.75-mile
march on TIO Juy. 0During the march the dry-bulb temperature averaged 94.9 0 F,
the wet bulb 78.2°F, and the wind velocity 224 ft/min. At the end of the march
the subject was suffering from severe stomach cramps, headache, and exhaustion.
Examination revealed pulse rate of 180, rectal temperature of 10.5 0 F, severe
conjunctivitis O.D., and extensive flush to face (Table I1. 151.) He was
sobbing from the pain. Demerol (50 mg) was given for pain. When it was dis-
covered that hyperpyrexia had developed, the subject was placed in a cold
shower and given intravenous fluids (Table III. 151). The maximum temperature

* reached was 103.6 0 F orally. With this treatment the hyperpyrexia was abolished.
Within 60 minutes the temperature had returned to normal and the subject was
resting more comfortably. A feeling of exhaustion persisted for 24 hours.

Subject 33: This young white male marched at the same time as Subject 31.
He was only able to complete six laps of the 15 required (Table III. 150). In
order to understand the reasons for his incapacitation we must first consider
his clinical history prior to 10 July. After 24 hours of meat bar and limited
water he began to complain of nausea, severe thirst, headache, abdominal pain,
precordial pain, weakness, and dizziness. Two days later (9 July) he was
brought to "Sick Bay" complaining of an inability to sweat. He stated that

-• he had felt hot for the past 36 hours. On the day prior to admission he only
drank 1800 ml of water. His flight was allowed 2700 ml. On day of admission
he had consumed 1800 ml of water up to 1630 hours. On 9 July he had sweated
normally in the morning. At noontime while marching back to camp after lunch
his fellow subjects had told him that his back was dry---even though the hike
was done under a hot sun. At this time there was sweat on the forehead and
he staggered while marching. During this march a headache developed and
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TABLE III. 151

POST-EXERCISE HYPERPYREXIA: SUBJECT 31
Time Observation and Treatment
1652 Completed march
1707 Demerol, 50 mg, for pain
1710 Pulse 110, rectal temperature 103.20F
1715 Rectal temperature 103.20F
1720 Placed in shower and sprayed with cold water
1725 Oral temperature 103.6uF
1733 Pulse 66
1738 Onset of shivering
1740 Oral temperature 102.6°F
1746 1000 ml 5% glucose in saline I.V. begun
1749 Pulse 64
1757 Chills
1800 Oral temperature 100.60F
1805 Pulse 50
1820 Pulse 45
1825 Oral temperature 99.0°F
1835 Pulse 50
1840 Oral temperature 99.0°F
1845 Pulse 48
1855 Oral temperature 99.0°F; removed from shower
1925 Pulse 50; blood pressure 135/38
1930 Oral temperature 98.81F
1950 I.V. fluids changed to 5% dextrose in water; first bottle completed
2000 Oral temperature 98.6 0 F
2005 Pulse 54
2030 Pulse 54, oral temperature 98.-4F
2100 Pulse 58, oral temperature 98.6 0 F; I.V. fluids stopped after 500 ml

of 5% dextrose in water had been administered

nausea which had started after breakfast persisted. He continued to sweat from
his forehead until about 1600 hours at which time all sweating ceased and he
became progressively weaker and dizzy. He reported urinary frequency but no
polyuria. He was an anxious appearing well-developed well-nourished young man.
A sticky sound accompanied his speech. The tongue was thickly coated with
cafe-au-lait colored material. The skin was hot and completely dry. The groin
and axillae were also dry. There were no lesions of any kind on the skin.
A special search was made for miliarial lesions. The oral temperature was
lOI.6 0 F and respiratory rate was 28. There was a tachycardia (pulse of 100).
The lying blood pressure was 138/80. One minute later, while standing, the
pressure was 105/70. There was hyperreflexia of tendon reflexes. The remain-
der of the examination was not remarkable.

He was confined to bed and his nutrient regimen was not altered. During
the evening he drank some water from his remaining allowance (900 ml) and ate
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